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PREFACE 

The  present  volume,  which  forms  tlie  fifth  in  the  series  of  general 
reports,  is  largely  devoted  to  economic  subjects.  Each  of  the  parts 
constituting  the  volume,  has  been  issued  separately  at  different  times, 
the  exact  date  of  which  will  be  indicated  in  subsequent  paragraphs. 

The  Second  Report  on  Magnetic  Work  in  Maryland,  by  L.  A. 
Bauer  forms  Part  1  of  the  volume  and  completes  the  account  of  the 
detailed  magnetic  survey  which  was  conducted  under  the  direction 
of  Dr.  Bauer  during  the  years  1896  to  1901.  Dr.  Bauer  began 
this  work  in  1896  when  connected  with  the  University  of  Chicago, 
the  State  Survey  meeting  nearly  all  of  the  cost  of  his  work  down 
to  1899  when  he  assumed  charge  of  the  magnetic  operations  of  the 
U.  S.  Coast  and  Greodetic  Survey  with  which  organization  the  work 
was  further  extended  under  a  plan  of  co-operation  which  relieved  the 
State  of  a  large  part  of  the  expense.  The  magnetic  survey  of  Mary- 
land is  the  most  complete  of  any  magnetic  survey  in  the  world  except 
that  of  Holland  and  has  resulted  in  the  establishment  on  the  average 
of  one  station  to  every  one  hundred  square  miles  of  territory. 
Through  this  survey  the  magnetic  declination,  the  magnetic  inclin- 
ation, and  the  magnetic  force  have  been  determined  in  every  portion 
of  the  State.  Maps  have  been  prepared  showing  each  of  these  several 
factors.  Tables  showing  the  magnetic  declination  at  various  periods 
since  early  colonial  days  have  been  furnished  the  authorities  of  every 
county  and  have  proved  of  great  value  in  the  determination  of  old 
property  lines  and  have  already  been  the  means  of  bringing  to 
harmonious  settlement  many  disputed  claims.  This  paper  was  pub- 
lished in  separate  form  in  November,  1902. 

The  Final  Report  on  the  Survey  of  the  Boundary  Line  between 
Allegany  and  Oarrett  Counties,  in  accordance  with  an  Act  passed 
by  the  General  Assembly  in  1898,  Chapter  304,  by  L.  A.  Bauer 
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constitutes  Part  2  of  the  volume.  The  Survey  was  conducted  dur- 
ing the  season  of  1898,  and  u  preliminary  report  issued  the 
same  year.  Dr.  Bauer,  who  was  chief  of  the  surveying  party,  es- 
tablished with  great  precision  a  straight  line  "  beginning  at  the 
sunnnit  of  Big  Back  Bone  or  Savage  Mountain,  where  that  mountain 

is  crossed  by  Mason's  and  Dixon's  line,  and  running  thence 

to  the  middle  of  Savage  River  where  it  empties  into  the  Potomac 
River ;  thence  in  a  straight  line  to  the  nearest  point  or  boundary  on 
the  State  of  West  Virginia,"  as  required  by  the  Act  of  1872  setting 
uflF  the  countv  of  Garrett  from  that  of  Allcffanv.  Dr.  Bauer  clearlv 
shows  in  his  report  that  the  methods  employed  in  the  running  of 
the  earlier  lines  were  such  that  straight  lines  could  not  be  laid  off, 
the  result  being  that  the  attempts  to  mark  the  boundary  resulted  in 
lines  that  do  not  conform  to  the  provisions  of  the  Act.  Since  the 
completion  of  this  report  and  its  publication  in  special  form,  the  Court 
has  decided  that  the  (^hjsholm  line,  run  in  1872  and  long  considered 
to  mark  the  western  limits  of  Allegany  (^ounty,  shall  be  in  future 
the  boundary  line.  This  report  was  published  in  separate  form  in 
April,  1003. 

The  Third  lie  port  ou  the  Hiijhwaijs  of  Maryland,  with  especial 
reference  to  the  operations  of  the  Highway  Division  during  11)02  and 
1003,  by  A.  X.  Johnson,  comi)rises  Part  3  t>f  the  volume.  This 
rejx>rt  contains  a  discussion  of  road  administration  with  an  outline 
of  a  suggested  county  road  law.  A  table  is  given  showing  the  mileage 
of  different  kinds  of  roads  in  ilarvland  and  the  estimated  cost 
of  the  road  machinerv  ownetl  bv  the  several  counties  of  the  State. 
There  is  also  a  table  showing  the  road  expenditures  in  each  county 
from  1899  to  1903.  The  greater  portion  of  the  report  is  devoted 
to  a  description  of  the  operations  of  the  Highway  Division  during 
1902  and  1903.  Work  was  carried  «»n  in  ten  counties  of  the  State 
on  30  different  highways,  for  many  of  which  complete  surveys,  plans, 
and  specifications  were  prepared.  A  large  amount  of  testing  was  also 
conducted  in  the  lalx)ratory.  This  report  was  publishoil  in  separate 
form  in  De(*eml)er,  1903. 
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The  Report  on  the  Coals  of  Maryland,  by  Wiil  Bullock  Clark,  with 
tJie  collaboration  of  George  C.  Martin,  J.  J.  Kutledge,  B.  S.  Randolph, 
N.  Allen  Stockton,  W.  B.  D.  Penniman,  and  Arthur  L.  Browne, 
comprises  Part  4  of  the  volume.  This  report  is  the  result  of  many 
years'  investigation  of  the  coal  deposits  of  western  Maryland.  Elab- 
orate surveys  of  the  coal  measures  ^vhich  afforded  in  part  the  basis  for 
the  reports  on  Allegany  and  Garrett  counties  were  made.  ^Fany  de- 
tails not  incorporated  in  the  county  reports  are  brought  out  in  the 
present  volume  including  great  numbers  of  sections  of  the  various  coal 
seams  together  with  chemical  analyses  and  calorimctric  tests.  A  series 
of  maps  showing  the  distribution  of  the  several  seams  is  also  in- 
cluded, although  the  large  scale  maps  accompanying  the  county 
reports  must  be  employed  by  those  who  desire  to  locate  carefully  the 
outcrops  of  the  several  seams.  The  chapters  on  the  History  of  the 
Maryland  Coal  Region  by  B.  S.  Randolph  and  the  description  of 
the  Coal  Mines  of  Maryland  bv  X.  Allen  Stockton,  well-known  min- 
ing  engineers  of  the  Georges  Creek  region  add  much  to  the  value  of 
the  report.  The  tables  of  chemical  analyses  and  calorimctric  tests 
by  the  analytical  chemists  Penniman  and  BrowTie,  will  be  greatly 
appreciated  by  those  seeking  information  regarding  the  character  of 
Marvland  coal.  The  other  authors  have  been  members  of  the  staff 
of  the  State  Geologic-al  Survey  and  have  lieen  engaged  for  many 
years  in  the  study  of  the  geological  formations  of  the  western  counties 
of  the  State.  This  report  was  brought  out  in  se])arate  form  in  I)e- 
ceml)er,  1905. 

The  illustrations  employed  in  this  volume  have  been  secured  from 

various  sources.     ^lost  of  them  have  been  made  bv  the  members  of 

to 

the  State  Geological  Survey,  others  have  been  secured  from  private 
sources. 

The  Survey  is  especially  indebted  to  the  Director  of  the  V.  S. 
Geological  Survey,  Hon.  Charles  1).  Walcott,  who  through  his  ('hiefs 
of  Division  has  co-operated  at  nearly  all  points  with  the  State  Survey 
Staff.  Much  of  the  information  contained  in  the  general  cha])ters 
of  the  coal  report  has  been  adapted  from  the  more  extensive  publica- 
tions issued  by  the  National  Survey. 
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agement  given  by  the  local  authorities  throughout  the  State.  The 
newspapers  especially  deserve  mention  for  the  interest  shown  at  all 
times  in  the  work. 

The  invaluable  assistance  given  by  the  Coast  and  Geodetic  Survey 
in  the  loan,  to  the  State  of  Maryland,  for  four  consecutive  years  of 
one  of  its  best  magnetic  outfits,  and  for  cooperating  with  the  State 
in  1899  and  1900,  not  only  in  the  field  work,  but  in  the  labor  of  re- 
duction of  the  field  results  is  appreciatively  acknowledged.  Mention 
should  likewise  be  made  of  the  aid  rendered  bv  the  Director  of  the 
Canadian  Meteorological  Service,  Professor  R.  F.  Stupart,  who  has 
charge  of  the  Toronto  Magnetic  Observatory,  by  supplying  us 
promptly  with  information  regarding  magnetic  storms. 

The  Distribution  of  the  Magnetic  Declination  in  Maryland 

FOR  January  1,  1900. 

explanatory  remarks  on  the  methods  OF  observing  and  reducing. 

The  present  chapter  gives  a  summary  of  all  the  results  for  mag- 
netic declination  reduced  to  January  1,  1900.  For  an  account  of 
the  methods  of  observation  and  computation  and  a  description,  with 
views,  of  instruments  used,  the  reader  is  referred  to  the  First  Report. 

Tables  TVIII  inclusive  contain  the  magnetic  declination  observa- 
tions in  detail.  The  headings  of  the  various  columns  are  self-explana- 
tory and  require  no  further  remark.  Table  IX  summarizes  and  con- 
denses all  of  the  declination  results  obtained  between  1896  and  1901, 
and  arranges  them  alphabetically  according  to  the  names  of  the 
coimties  in  which  the  stations  are  located.  Table  X  gives  the  latest 
additional  results  in  the  vicinity  of  Maryland. 

As  stated  in  the  Introduction,  the  magnetic  observatory  of  the 
Coast  and  Geodetic  Survey,  at  Cheltenham,  Maryland,  had  not  yet 
been  established  during  the  progress  of  the  magnetic  survey  of  Mary- 
land; and  furthermore,  the  records  of  the  magnetic  observatory  at  the 
^aval  Observatory  at  Washington  were  vitiated  by  their  proximity 
to  electric  car-lines  to  such  an  extent  that  all  work  had  to  be  aban- 
doned. There  was,  therefore,  no  nearer  magnetic  observatory  than 
the  one  near  Toronto,  Canada.     On  account  of  the  distance  of  the 
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observatory,  however,  but  limited  use  was  made  of  it  in  the  reduc- 
tion of  the  observations. 

A  rediscussion,  with  the  aid  of  the  additional  observations  at  the 
base  station  of  the  magnetic  survey,  Linden,  again  gave,  as  in  the 
First  Report,  for  the  present  average  annual  change  of  the  magnetic 
declination  +  S/0,  i.  e.,  west  declination  is  increasing,  on  the  aver- 
age, annually  S'. 

THE   ACCURACY    OF   THE    OBSERVATIONS. 

An  idea  of  the  accuracy  attained  in  the  work  can  be  obtained  by 
examining  the  residuals  in  the  last  column  of  Table  I.  These  differ- 
ences of  the  individual  results  for  declination  from  the  mean  of  all 
represent  the  combined  effect  of  the  observing  error  and  of  the  re- 
duction error,  the  latter,  consisting  as  set  forth  on  page  445  of  the 
First  Report  of  the  several  parts:  a,  the  diurnal  variation;  6,  the  dis- 
turbance variation;  c,  the  secular  variation,  and  d,  the  annual  varia- 
tion. It  will  be  seen  that  a  few  residuals  amount  to  a  little  over  2' 
but  that  the  majority  fall  below  this  amount.  Ko.  12,  differing  4', 
has  been  excluded  in  taking  the  mean.  From  these  residuals  we 
find  that  the  mean  square  error  of  a  single  result  is 

n=J  l^''^'^,  =±  r.5and 

the  probable  error  of  a  single  result  is 

£  zz:  ±  .6745  J  ^^^\  =  ±  I'.Ol 

In  view  of  the  fact  that  these  figures  represent  the  combined  error, 
as  stated,  of  observation  and  reduction  to  mean  of  day  January  1, 
1900,  the  conclusion  mifst  be  reached  that  the  declinations  have  been 
observed  and  reduced  with  all  needful  accuracy. 
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Table  I. 

Jifagnetiv  declinaUwu  observed  at  Bate  Station^  Linden^  Montgomery  County^  between  the 

years  1896  and  1901. 


• 

1 

Date  of  ob8ekvation. 

Magnetic     -5  . 
dec  Una-      -jg 

Magnetic 

• 

s 

53 

©i 

43 

tlon  at       c^ 

declina- 

S2 

QQ 

c 

• 

Month  and  Day. 

Year 

and 

Decimal. 

Local  mean  time' 
of  ob8er\'ation. 

da  to  of       12^' 

observa- ,    §  g 

tion         -c  * 

1 

tion  at 

Jan.  1, 

19()0 

o 
55 

2: 

^t^^^^^M  1  ■  1»^*» 

(West).       I"^ 

( 

Westi. 

1    1 

July  19-30 

1896  .56 

)  Various  times 

'              1 
8®   25^8»  +  10^8,3° 

36M    +  1^9 

o 

August  8,  5 

1896  .59   ]  a.  m.  and  p.  m. 

8     29  .1    +  10  .28 

39  .8  i—  1  .3 

,    3 

September  7 

il896  .68  15:05 

8     25  .9    +  10  .08 

35.9    +  2  .1 

4 

September  28 

1896.74    9:40,13:54,16:298     29.4  1+    9.88 

89  .2  :-  1   .2 

5 

October  4 

1896  .76  16:19,  17:12 

8     28  .9    +    9.7 

8 

38  .6    -  0  .6 

6 

1 

Nov.  24,  25 

^«»«  •««  {  o^S  Js^^s'"'- 

8     26.7!+     9.8|8 

36  .0    +  2  .0 

7 

April  14 

1897  .28  ^ 

8     80.0    +    8  .28 

38  .2    -  0  .2 

8: 

June  21 

1897  .47 

8     81  .5   +     7.03 

39.1    -  1   .1 

!    9 

July  23 

1897  .56 

3     30.6   +     7  .38 

37  .9  1+  0  .1 

10 

July  24 

1897  .56 

8     80.9    +     7  .33 

38  .2    -  0  .2 

11| 

September  18 

1898  .72    1 

8     84  .0    +    3  .83 

87 .8  ,+  0  .3 

,12' 

September  19 

'l898  .72    ,  ,,_,__,. 

8     88  .5    +     8  .88 

42  .3 

lis 

May  10 

1899  .86 

1      TttllUUO    ItlUJCS 

during  day 

3     37  .9  1+     1.93 

39  .8    -  1  .8 

14 

July  6 

' 1899  .51 

8     36  .3   +     1  .53 

37.8    +0  .2 

15 

July  7 

1899  .52 

8     35  .8+1  .53 

36  .8  ,+  1  .2 

16 

Julys 

'1899  .52 

3     37  .2    +     1  .5 

8 

38  .7    -  0  .7 

171 

July  18 

1900  .55 

8     40  .2  -     1  .6 

8 

38  .6    —  0  .6 

18 

July  19 

1900  .55 

■ 

3     42  .9  -    1  .6 

3 

41  .3    -  3  .3 

19 

July  20 

1900  .55 

J 

8     41  .1   -    1  .63 

39  .5  '—  1   .5 

'20 

May  17,  18 

1901  .87 

3     42  .2  —    4  .1 

8 

38  .1    —0  .1 

21 

May  81, 

1901  .42  i 

3     40  .4  —    4  .3 

3 

86.1    +  1   .9 

22 

June  1 

1901  .42 

3     39  .9  -    4  .33 

1 

35  .6    +2  .4 

Mean  of  all 

except  No.  12.  .,3 

38  .03 

1  The  hours  are  counted  from  midnight,  0  to  24  hours. 

*  Mean  of  four  practice  sets  made  before  the  magnetic  survey  was  begun. 

The  true  meridian  or  true  bearing  of  mark  was  determined  at 
various  times  throughout  the  series.  All  observations  were  made  by 
L.  A.  Bauer  except  Noe.  14,  16  and  16  which  were  made  by  J.  A. 
Fleming  of  the  Coast  and  Geodetic  Survey,  both  using  the  same 
instruments. 


Table  II. 


Mctgnetie  declination»  obaeri*td  at  variout  ntationa  in  Maryland  between  the  yean  1896  and  1899. 

[All  observations  made  by  L.  A.  Bauer.] 


Date  of 
Observation. 


Station. 


si 


55  O^ 
©  iii 


Local  mean  time  of  observations 
for 


True  Meridian.    Magrnetic  Meridian. 


lation  at 
obsorva- 
est). 

Declii 
date  of 
tion  (W 

•-9 


%^ 

ess 

^  OS 

•-9 


Remarks. 


h.  m. 


Dpper  Marlboro. .  Sept.     9  6.69  8:31* 

La  Plata *»      10  6.69  9:11,  9:34 

"  June 


it 


ti 


h.  m.  h.  m.     h.  m.  o    /    ;        /     |  o     /     i 

9:49,  10:34,  15:58...  4  59.0   +9.9  5  08.9  1 

10:24 4  36.8    +9.9  4  46.7 

3  7.42  Various  times.  14:27,    15:22,    16:22 

16:52 4  39.4+7.7      47.1  Meridian  Line. 

4-5  7.42... 16:07,9:21 4  38.8   +7.7'    46.5 


Mean,  4  46.8 


10:09 

8:44 


4  43.4    +9.9 
4.43.2   +9.9 


4  .53.3 
4  58.1 


Mechanicsville  .. .  Sept.  11  6.70    7:18 

Leonardtown »'      12  6.70  16:47 

Eatton,  Hotel  .. .      »»      16  6.71     9:20 13:82,14:51     '    5  32.8+9.9  5  42.2 

"         F.  G June  24  7.48  14:.56,   15:03. ..  15:27,  15:52 5  34.3   +7.6  541.9 

«•         C.  H "  28-24  7.48  Various  times.  11:48,  12:21, 12:41  ,  ,   ^  ^g  3   ^73  55591 


Centreville  Acad..  Sept.  17  6.71  14:39 


13.48 


f 


15:43,16:14 i    5  47.4    +9.9  5.57.3 

May    27  7.40    8:46 15:56,16:23,16:51.     5  57.5   +7.8  6  05.3» 

'  Mean,  6~0L3 


{ 


Meridian  Line. ; 
Art.  L.  A. 


tt 


C.  H..   "  26,27  7.40  Various  times.  11:29,  12:58 5  53.9   +7.8  6  01.7  Meridian  Line. 

Massey Sept.  18  6.72  10:00 10:52 6  25.0   +9.8  6  34.8 


(( 


Ridgely 
Hurlock 

Dcean  City '    *» 

Berlin »* 

Snow  Hill 

Pocomoke  City. . 
Princess  Anne  . . 
Salisbury,  C.  H. . 
M.  L. 


t( 


(t 


it 


ti 


ti 


19  6.72    9:32 8:14 5  44.3+9.8  5  54.1 

19  6.72  15:07 15:58,  16:34 5  24.9   +9.8  5  34.7  '; 

21  6.72  10:52 jl5:54,  16:55 5  27.5    +9.8  5  37.3  ; 

23  6.78  11:08 |  9:55,  10:23 5  25.3    +9.8  5  35.1  ' 

23  6.73  16:54 '1.5:42,  16:33 5  03.8   +9.8  5  13.6 

24  6.78    9:28 10:01,   10:28,  11:03.  5  11.8   +9.8  5  21.6 

24  6.73  15:33 16:41,  17:31 504.8   +9.8  5  14.1 


tt 


Dec. 


25  6.73    9:11 

5  6.98  Various  times. 


Parsonsburg Sept.  25  6.73  14.58. 

Cockeysville ** 

Frederick,  Asy.  . .  Oct. 
C.  H... 

Westminster j 

Hagerstown '    ** 

Camberland  ..... 


Artificial  L.  A. 


5  1,5.7  +9.8  5  25.5 

5  09.7  +9.2  5  18.9  Meridian  Line. 

5  22.9  +9.8  5  32.7 

6  02.1  +9.8  6  11.9 
4  42.2  +9.7  4  51.9 


10:45,  11:80 

8:52,  12:24 

14:22 

26  6.74  15:80 14:21 

5  6.76  16:27,  16:40  . ..  15:49,  17:18 

7  6.77  Various  times.  15:82,  16:07  ... 4  41.0   +9.7  4  50.7  Meridian  Line. 

8  6.77  10:53,  14:02  . . .  15:22,  16:01 5  O6.9I  +9.7  5  16.6 

9  6.77  14:16 15:01,  15:47 4  84.2    +9.7  4  48.9 

10  6.77  15:05 15:5.5,16:29 !    4  02.7    +9.7  4  12.4 

M.  L.  Aug:.    14  7.62  Various  times. .  16:44 4  06.4   +7.1  4  13.5  Meridian  Line. 

Oakland,  S.  H Oct.     12  6.78  10:51 8:57,     9:57,      12:51. 

13:24 3  14.5  +9.7  3  24.2  Severe  mag.  storm 


tt 


tt 


it 


ti 


it 


C.  H July    29  7.57  Various  times. 17:26 

Aug.     2  7.58 10:02,10:50,  13:49 

,14.50,  16.80,  15:39 

5  9.43 !  8:05,  8:37,  19:1.5, 

10:00,  13:09,  13:51. 


1 


June 


Elkton Oct. 

Prince  Frederick.     ** 

Belair,  Hotel " 

May 


It 


it 


15  6.79    8:23,  8:38  . 

19  6.80  15:36,  8:42  . 

20  6.80    9:.56 

7  7.35  16:20,  16:21 


3  23.0    +7.3  3  80.8 


3  25.7    +1.7      27.4 


I  Meridian  Line, 
^  South  Stone. 


Mean,  3  28.8 


5  12.0  +9.6  5  21.6 
5  10.4  +9.6  5  20.0 
5  38.4    +9.6  5  48.0 


5  44.6    +8.0  5  .52.6 


it 


it 


Dallam  . 


it 


tt 


tt 


9:42,   10:24,  12:25. 

16:27,  16:59 

10:56,  11:31 

8:35,  9:46,  10:06, 
10:55 

Mean,  5  50.8    i 

6  7.34  15:29 5:36 4  3.5.8    +8.0  4  48.8 

15  7.87  14:29,  14:35 14:40 4  38.5   +7.9  4  46.4 

'  ,  4^571 


Region  of  mark- 
ed disturb- 
ance; gabbro 
rocks. 


r.  R.  H.  Blain  found  on  February  12-14,  1900,  the  declination  at  the  West  Monument  to  be  6®  07^  some 
onal  changes  in  the  Court  House  having  been  made  since  my  observations  in  1897. 

testation  of  1897  was  close  to  that  of  1896,  and  there  seemingly  was  no  cause  for  artificial  local  disturb. 
The  large  difference  of  8^  from  the  1896  result,  unless  it  is  to  be  referred  to  a  magnetic  storm,  cannot  be 
Died  for. 


Table  II. — Concluded. 

Afagtutie  declinationt  observed  at  various  ttationa  in  Maryland  between  the  yean  1896  and  1890. 

[All  observations  made  by  L.  A.  Bauer.] 


c 
o 

OQ 


O 


Date  of 
Observation. 


Local  mean  time  of  ob6er\'ation8 
for 


Station. 


I! 

08 


lAnnapolis Oct.    21|6.80  10:31, 10:42.. .  .|14:38,  15:11 5  16.1   +9.6 

jEUicott  City '♦      2216.8115:07 15:51,16:22 i  4  44.3   +9.6 

Belcamp Nov.     6,  6.85  10:20 13:31,  13:40 '  6  05.7  +9.4 

I  I  I 

7;6.85  10:39,  10:41  ...11:27 4  25.9   +9.4 

14i7.37    9:21 i  9:54 8  85.5   +7.9 

141  7.37,  7:48,  7:54,  7:58   8:36 7  27.7   +  7.9 

14|7.37  11:05,  11:06  ...11:26 6  51.1    +7.9 


29b   iBelalr  N.  E.  M.. . .  May  6,  7 


30 
31 
83 

87 
87b 
37j 
37k 

88 
40 
41 
42 

lA 

43 

44 

45 

47 


^  oS    '^^u®  meridian.    Magrnetic  Meridian. 

h.  m.  h.  m.  h.  m.'  h.  m.  h.  m.  h.  ra. 
7.34  Various  times.,  6:27,  6:50,  7:17  .. . 


*5 

•2  i^ 

C  S  S> 


2 

a 


^  -• 
a*  c 

*  OS 


II 


Komark 


5  01.0   +8.0 


Cardiff,  R.  R '    " 

'     "         Bd.  8t.  ..May 
«*  Sch.  H.  ..     »» 

♦*         P.  8.  Q...     " 

Forest  Hill Nov. 


O        f 

5  09.0  1Meridian  Lii 
'     Art.  L.  A. 
5  25.7' 
4  53.9  I 

6  15.1 ; 


4  35 
8  43 
7  35. 
6  59 


.6'. 
.0, 


Unity 

Damascus 

Forest  Glen , 

iLinden,  A.  S.  . . . 
Crisfleld Dec. 


it 

4t 
t( 


7|6.85  15:43 Il5:08 5  24.5  +9.4 

14|6.87    9:17 10:09,  10:37 '  5  36.0  +9.4 

14:6.87  16:09 15:31,  15:55 4  02.8  +9.4 

25' 6.90  12:51 10:20,10:56 3  37.0  +9.3 


Region  of 
marked  d 
turbance 
to  serpei 
rocks. 


orf*)!  6.9U  14:41  ........  .15:o(5 


3  39.0    +9.3 


Cambridge April  17 

Tilghman  I 

I 

Towson,  N.  M.   . 


47a 


4( 


(I 


ii 


3.  M. 


ii 


it 


it 

it 


24 
27 


26 
27 


48 
49 
50 
52 
53 
54 
56 
57 


57a 

58 

59 

60 

62 

63 

64 

67 

68 

68a 

69 

70 

71 
83 


Hyde»s    May 

Churchville !    *' 

Thomas  Run ;    *♦ 

'Highland |    '* 

Minefield ■    *' 

Dublin 

Bradshaw ' 

iChestertown,C.  II. 


6.93    9:25,  15:53  ...,  8:55,   10:04,    11:16 

'  1:12,  14:27,   16:19.     4  44.4  +9.2 

7.29  Various  times.  116:03,   17:11 5  24.0  +8.1 

1917.30    9:53,  17:00  ...|l0:55,  11:20,  12:57. 

13:54,14:20 [   5  23.4  +8.1 

7.31  Various  times. 10:11,  13:41 1  e  tn  a  ^01 

;i5:56,  16: 16 j-  5  50.0  +8.1 

7.32 10:08 5  52.7  +8.0 

I  Mean, 


5  33.9 
5  45.4  I 
4  12.2 
3  46.3  I 

3  48.3 

4  53.6  ' 

5  32.1   Meridian  Lii 

I 
5  31.5 

5  58.1  Meridian  Lii 

6  00.7 


7.32 
7.32 


17:30,17:44 ,    5  41.6    +8.0 


8:18 


7.35  17:06 17:22... 

8|  7.35  10:53 11:23  . . . 

81  7.35  14:02 14:32... 


5  42.2   +8.0 
Mean, 

5  44.7  +8.0 
5  43.2  +8.0 
5  37.8   +8.0 


1417.37  14:13 


it 


it 


ti 


ii 
it 
it 
it 

ii 


14 
15 


7.87  16:51  . . 
7.37    7:39  . . 


15,7.37  16:05 


14:24 5  33.2   +7.9 

,17:01 6  53.7,  +7.9 

6:52 '  10  00.9   +  7.9  10  08.83On  gabbro  r< 


5  59.4  , 

5  49.0 
5  50.2  ' 

5~49.9  ' 

I 

5  52.7  ' 
5  51.2  1 
5  45.8  , 
5  41.1  I 
7  01.6  , 


16:26 


2817.41,  1:37 11:43,   13:34,  16:46. 


5  18.8  +7.9 
+  7.8 


5  26. 


I 


Coll. 

Tolchester June 

Oxford    '    '» 

Fair  Haven *« 


2917.41  Various  times. I  9:16,    13:41,  14:20.,  15  50.0 

I  |l6:18 S 

31|7.41  15:89,  15:48  ...|l6:27,  16:40,  17:25.     5  47.0  +7.8 

1  7.41  16:03 il7:04 '    5  37.1  +7.8 

25*7.48  15:52,  15:59...  114:51,  15:21 5  33.9  +7.6 

26|  7.49  14:46 |12:18,  14:30 5  23.2  +7.5 


Rockville July  7-8,  7.51    7:13,7:22 il8:02,  7:46 5  24.0   +7.5 


Webb »* 

Kent  I.,  S.  B ;  *' 

Seneca i  *♦ 

Maryl.  Heights,  8.1  ♦» 

'     ii  It         Y.\  '* 

Hancock 1  »* 

Corunna '  ** 

Westernport Aug. 

Lonaconing ** 


16,  7.54  17:19 17:04,  17:54 1 

19,  7.55  9:11,9:17, 15:ll'l0:05,  11:45,  14:46. 


26,  7.57  15:00 


15: 


00 


5  02.3 
5  21.4 
2  30.9 


+  7.4 
+  7.4 
+  7.3 


27,7.57  16:37 15:59,16:58 '  4  24.0  +7.3 

28' 7.57    9:05,9:09,  9:12'il0:08,  10:46 4  14.4  +7.3 

28' 7.57  15:12,  15:18  ...15:56,  16:36 4  24.9  +7.3 

8I;  7.58  10:25,  10:33,      11:35,  12:05,   14:40. 

I  13:08,  13:15  ...115:40,  16:25,18:35.  3  16.2  +7.3 

8,7.59  15:16 14:44 3  46.2  +7.2 

81I8.66  Various  times.  115:51 3  51.0  +4.0 


5  57.8  Meridian  Lii 
Art.  L.  A. 
5  54.8 
5  44.9  ' 
5  41.5  ' 
5  30.7 
5  32.1 
5  09.7 
5  28.8  i 
2  38.2*1 
4  31.3 
4  21.7 
4  32.2  ' 


3  23.5 
3  53.4 
3  55.0 


^In  order  to  obtain  the  effect  from  the  large  gabbro  rocks  in  this  locality,  the  observation  was  purposely 
over  one  of  the  largest  of  these  rocks  jutting  out  of  the  ground. 

♦This  low  value  has  been  verified  bv  H.  W.  Vehrenkamp,  Aid,  C.  &  G.  S.,  who  obtained,  at  a  slightly  difl 
station,  on  July  22,  1899,  2o  31'.4;  his  value  reduced  to  1900.  0  is  2°  32'.8. 
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Table  III. 
Magnetic  declinations  observed  by  Western  Boundary  Survey  of  Maryland  in  1897. 

[These  observations  were  made  along:  the  western  boundary  line  of  Maryland,  by  L.  A.  Bauer, 
astronomer  and  magnetician  to  the  Western  Boundary  Survey.  The  same  instruments  and  methods 
were  used  as  in  the  magnetic  survey  ] 


c 
o 

s 


C 


Date  of 
Ob8or\-ation. 


IahsaI  mean  time  of  observations 
f<jr 


Station. 


93 


True  Meridian. 


t)   w  >— '  »C^* 


d  CD      ' 


c  S     He  marks. 


Magnetic  Meridian,   c-^s       * -•        S: 


X 
"3 


^  C 

s8 


72  Fairfax  Stone. 

73  Camp  Fairfax. 


h.  m.    h.  m.     h.  m.      h.  m.    h.  m.     h.  m.    i  °     '  ' 

Aug.  4,6  7.59  Various  times,  p.m.  15:49,  16:15,  16:27    3  09.2   +7.2  3  16.4 

(  46 
5,6  7.59  From  angles Various  times  a  &  p3  05.2    +7.2  3  12.4  |  j^ 


(t 
ti 


74     Backbone  Mtn. 


ti 


i( 


it 


7  7.60  10:12,   10:20,   13:20, 
!  13:27 7:42,13:56 3  06.5   +7.2  3  18.7 

8  7.60 7:55,  10:00,  14:02..  3  05.1    +7.2  3  12.3 

iMean,  3"l8:o; 


463     ft. 
of  72 


22  7.64^ 


i 


ill:21,   13:54,   16:30, 

17:50 309.2    +7.1  3  16.8 


28  7.64    ).  Horizontal  angles8:34,    10:30,     13:15, 


76     Foley  Mountain. 


77 

78 

79 

80 
81 
82 


Lower  mil 

Snaggy  Mountain. 


♦*    28   7.65  J 


Sept.  16  7.71   \ 
*»     21  7.72    / 


15:44 6.0   +7.1  3  13.1 

8:42,  13:47,  17:16...!      5.5    +7.0,3  12.5 

Mean,  3  14.0 


ti 


ii 


8:03,  9:.53,  13:54.. ..  3  16.0    +6.9 
12:19,    13:12,    16:193  16.0   +6.8 


3  22.9 
22.8 


Mean,  |3  22.8 


•'  25,7.74 

**  28;  7. 74 

"  29:7.74 

Taylor's  Hill »'  30l7.75 

Oct.  17.75 

Fike'sHill,  E »*  8  7.77 

**         »i     W 

Mason  &  Dixon  L. 


»*      18  7.78 
**      16  7.79 


it 

it, 


n 


(i 


ti 


16:49 3  16.7    +6.8  3  23.5 

13:16 
10: 


!;lliV:58:::::(««^'^ +«•««"•» 


14:3 


) 


'.  3  31.7   +6.8  3  38.5 


8:56,    10:06 j 

14:49,    15:11 3  40.3  +6.7  347.0 

13:36 3  40.4  +6.7  3  47.1 

10::jS 3  47.5  +6.6  3  54.1 
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TABLE  IV. 

Magnetic  declinatiofit  observed  under  the  joint   auspices    of  the  3faryfand  Geological  Survey  and  the   United 

States  Coast  and  Oeodetic  Survey  in  181)9. 

rThese  obseryations  were  made  by  L.  A.  Bauer  with  same  maj^nctometer  as  used  in  preTious  work. 

The  main  purpose  was  to  map  the  re&:ious  of  marked  disturbance.  I 


o 


84 
85 
8» 
87 
88 
89 
90 

91 
92 
93 
94 

95 
96 
97 
98 


99 
100 
101 


a  ' 

i\ 
S 

GO 


Date  of 
Observation. 


Local  mean  time  of  observations 
for 


Station. 


d   ' 


I  w 


Xl 


as  g  + 


True  meridian. 


-i  % 


.=  2 


Magrnetic  Meridian,   i^"  -  i    '=^"'         '^^ 


Remarkjt. 


w—      , 


Gaithersburg 

Lisbon 

Sykesville . .  . 
Reisterstown. 
Manchester. . 
Taneytown  . . 
Liberty  


h.  m-    h.  m.    h.  m. 
May     159.87  14:38,  14:49 

''      169.37    9:36,     9:43 


o      / 
5  17.1 


'  o       / 

+  1.9  5  19.0> 


l( 
ii 


McHenry June 

Accident 

Grantsville 

New  Germany 


h.  m.    h.  ro.    h.  m. 
15:43,  16:13 

10:49 '4  41.8    +1.9  14  43.7 

16,9.37  15:15,  15:21,  15:29.  16:11,  16:34 6  24.0   +1.9  6  25.9 

179.38    9:57,  10:14 10:59,  11:24 17  02.6    +1.9  7  04.5 

199.38  i  6:59,     7:12 7:45 5  34.7]  +  1.9  5  36.6 

19  9.38  14:20,  14:28 15:48 4  57.8   +1.9  I4  59.7 

209.38    »:47,  10:08 7:42,      8:30,     0:38,; 

13:01 :4  47.2 

6,9.43  10:11,  10:23 11:10,  12:47 3  36.3 


+  1.9  4  49.1 
+  1.7  3  38.0 


It 

ii 

K 


69.43  16:41,16:49 17:22,17:57 3  44.8    +1.7  3  46.5 

79.43  14:54,  15:03 !l3:19,  14:00 3  58.4    +1.7  4  00.1 

89.44  10:07,  14:31,  14:35  .    7:34,      8:20,     9:17,| 

!  13:07,  13:38,  14:13.  .  3  59.0.  +  1.7  4  00.7 


Swanton '< 


99.44     7:29,     7:37 ,9:13,11:43 


...3  36.6    +1.7  3  38.3 


Paw  Paw I     ♦*      12,9.45  14:46 8:56,    9:26,  12:52  .4  10.8 


Parkton 

Havre  de  Grace. . . 


ii 
ii 


Betterton I    " 

Rising  Sun 

Calvert 


14'9.45    9:26,  10:44 11:39,  11:54 

209.47  10:29,   10:35,   15:38,  . 

15:52 1  7:58,      8:39,     9:48,! 

j  14:50 5  24.4 

219.47    9:42,     9:58,    16:54,11:05,    11:49,    13:43, 


+  1.6  14  12.4« 


5  59.1    +1.6600.7 


+  1.6  i5  26.0 


ii 


ii 


I  17:08 14:32 4  03.9 

229.47  10:56,   11:10,   14:08,|  8:59,   9:26,  13:34..  5  08.8 

14:15 

229.47  15:37,  15:42 16:02,  16:18 5  26.ol  +1.6  5  27.6 


+  1.6  4  05.58 
+  1.6  5  10.43 


I  See  additional  stations  at  Gaithersburg  further  on.  Mr.  E.  Smith,  of  the  Coast  and  Geodetic  Survey, 
obtained  May  3,  4,  1898,  at  same  station  as  No.  84,  5®  13^2,  which  reduced  to  1900  gives  5®  18^2.  Mean 
of  the  two  values,  5°  18^^.  6. 

*  Clouds  prevented  getting  a  complete  set  of  azimuth  observations.  The  meridian  depends  upon  a 
single  altitude,  telescope  direct,  and  coUimation  observations;  the  declination  may  be  out  several 
minutes  of  arc.      This  station  is  in  West  Virginia. 

'Observation  made  under  L.  A.  Bauer's  supervision  by  J.  A.  Fleming,  Aid,  C.  &  G.  S. 
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TABLE  V. 

MaQtutir  (ht'llnatiojis  observed  by  the  United  States  Coast  and  Geodetic  Surrey  in  the  vicinity  of  Oaithershnrg 

in  1899. 


[These  observations  were  made  under  L.  A.  Bauer's  direction,  using  same  kind  of  instruments 

as  heretofore.]     • 


X 


Station. 


Dat«  of 
Observation. 


OS 


Local  mean  time 

of  macrnetic 

observations. 


9S 


I 

"3 


0( 


•-9 


si 

•-9 


Observer. 


M 
u 

B 


84a  Gttitliersburj?    I..  July  6  ;9.51 

I  »»  7  1 9.52 

1  '*  10  19.52 

I  ! 


h.  m.    h.  m.    h.  m.       °     '   i 
11:40 5  45.3 

8:01,   13:39 5  41.7 

8:00,       8:26,      9:32,' 

i  13:42,  14:0« 5  42.0 

»»      24     9.56  7:47,8:16,9:29,13:33  5  41.5 


+  1.55  46.8 

+  1.45  43.1 

1 
I 

+  1.45  43.4 
+  1.35  42.8 


84  b 


U. 


8     9.52  9:00,   13:41 5 

»»      11    ; 9.52  7:57,      8:27,       9:35, 


5  44.0 
+  1.4  5  58.9 


84  c 
102      Waring 


III. 


57.5 
11:23,  13:52 15  51.6  +1.45  53.0 J.  A.  Fleming. 


"      10     9.52 
»»      13      9.53 


103  Middlebrook.  .. 

104  Cross  Roads   I. 

105  Cross  Roads  II. . 

106  Redlsnd 

107  Derwood 

108  Hunting  Hill... 

109  Quince  Orchard. 
67a  Seneca 


tt      14 


5  56.0 
+  1.45  28.2 


48.8  +1.40  50.2 


9.53 


It 


4t 


tt 


li 


tt 


tt 


tt 


110 


110a  \ 


Cheltenham  I, 
II. 

in, 

IV. 

V. 

VL 

VII. 


15     9.54 

17  9.54 

18  9.54 

19  9.55 

20  9.55 

21  9.55 

22  9.56 
(  Sept.    18,' 

(     19,  20..  9.72 
Sept.  21,  22  9.72 
;  (  8ep.23,25  g 
I  I  Oct.  2        ^-^^ 

27  9.74 

28  9.74 

29  9.74 

30  9.75 


I 

I  I 

7:59,8:17,8:42,13:205  26.8 
8:29,      9:20,      13:16, 

13:41 0 

8:35,     9:07,     10:01,; 

13:24 |4  49.7  +  1.44  51.1 

7:54,  8: 16,  13:21 6  03.0  +  1.4 6  04.4 

7:45,  8:13,  13:26. ...  6  09.4  +  1.46  10.8 
8:01, 8:28, 9:30,13:21  6  37.4  +  1.46  38.8 

7:43,  8:06,  13:22 8  22.5+1.4  8  23.9 

7:58,8:28,9:34,13:28  6  08.5  +1.46  09.9 
8:00,8:22,9:27,13:424  15.1  +1.44  16.5 
10:13,  13:27 2  31.4+1.32  32.7 


Various  times, 


jSept. 


tt 


tt 


tt 


ti 

tt 

tt 
tt 

n 
tt 


tt 

tt 

tt 
tt 
tt 
tt 


..4  55.0+0.84  56.4 
..4  58.6  +0.84  59.4 

..4  57.9+0.84  58.7 

.  5  02.0+0.85  02.8 
..5  02.8+0.85  03.6 
..4  58.5|  +  0.84  59.3 
..5  14.0, +  0.8  5  14.8 


L.  A.  Bauer. 

H.  W.  Vehrenkamp. 

J.  A.  Fleming. 

H.  W.  Vehrenkamp. 

tt 


H.  W.  Vehrenkamp. 


tt 

tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 


J.  A.  Fleming. 


tt 
tt 

tt 

tt 
tt 
tt 


o 


0  5  bc 

08  0 

fc,.  S  oa 

«  S  fc- 

1  ^  - 

00  be  O 


P  2 


0 


-        t 

5  o  ® 

So** 
2  fc«  © 
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Table  VI 

Jfagtietic  declinations  observed  in  1898  alony  boundary  Une  between  Allegany  and  Garrett 

Counties^  Maryland. 

[These  observations  were  made  in  connection  with  the  survey  of  the  boundary  Hue  in 
the  summer  of  1898,  L.  A.  Bauer  being  chief  of  party  and  W.  M.  Brown  the  observer. 
Mr.  Brown^s  readings,  taken  with  the  needle  to  his  engineer's  transit  were  reduced 
to  the  mean  of  day  and  epoch  and  referred  to  Coast  and  Geodetic  Survey  Magnet- 
ometer No.  18.  See  Report  on  the  Boundary  Line.  The  stations  are  fully  de- 
scribed in  the  Boundary  Report.] 


Station. 

I^t 
89° 

itude. 

43'.  4 
42  .5 
42  .4 
41  .2 
40  .5 
39  .8 
88  .6 
87  .9 
37  .6 
35  .7 
35  .1 
84  .7 
83  .0 
32  .8 
31  .8 
81  .0 
30  .1 
29  .7 
28  .8 
28  .8 
28  .0 

.  Longitude 

West  of 
Greenwich. 

78°  54'. 8 
78    55  .4 
78     55  .7 
78    56  . 1 
78    56  .6 
78    57  .3 
78    57  .7 
78    58  .2 
78    58  . 5 
78    59    5 

78  59  .9 

79  00  .1 
79    01  .2, 
79    01  .3 
79    01  .9 
79    02  .4 
79    08  .0 
79    03  .3 
79    04  .0 
79    04  .0' 
79    02  .7 

Mi 
1898 

Declination 

No. 

ddle  of 

(West). 

At  Jan.  1,1000 
(West). 

Ill 

MOUD 

Samp 

Moun 

ii 

t( 
it 
i( 
it 
it 

" 

It 

it 
tt 
tt 
it 
it 
it 
it 
it 

Danie 

d  1 

4° 

4 

3 

4 

4 

8 

8 

4 

3 

3 

3 

3 

3 

8 

3 

3 

3 

8 

8 

3 

3 

07>'.7 

06  .5 

58  .4 
04  .1 
04  .7 

59  .9 
59  .8 
03  .4 
57  .9 

53  .8 

54  .3 

54  .6 
56  .4 

55  .6 
51  .3 
51  .2 
48  .5 
47  .5 
40  .1 

07  .1 
11  .1 

4« 
4 

4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
4 
4 
3 
3 
3 
3 
8 
3 
3 

12^.2 

112 

lis 

114 

2 

son  Rock 

id  4 

39 

39 

39 

11  .0 
02  .9 
08  .6 

115 

5 

89 

09  .2 

116 

1... 

39 

04  .4 

117 

8 

...     39 

03  .8 

118 

9 

89 

07  .9 

119 

10 

39 

02  .4 

120 
121 
122 

13 

14 

15 

89 

89 

39 

57  .8 

58  .8 

59  .1 

123 

18 

39 

00  .9 

124 
125 
126 

19 

21 

39 

..    ..     89 
89 

00  .1 
55  .8 
55  .7 

127 
128 

23 

24 

.    .         .    .          0<7 

39 

58  .0 
52  .0 

129 
130 

26 

27 

89 

39 

44  .6 
11  .«! 

131 

is  ^'^ 

39 

15  .6» 

1  Local  disturbing  influence  exists  at  these  stations. 

^This  station  is  in  West  Virginia,  on  the  hills  back  of  Piedmont. 
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No. 


Table  VII. 
Magnetic  declinations  observed  by  the  United  States  Coast  and  Geodetic  Survey  in  1900. 


Date  of 
Observation. 


Station. 


1^ 


ill 


08  C  5P 

a  '^  o 


d 

§* 

^  el 
»-8 


08  90 

O^ 
e80 

^  08 
»-8 


Observer. 


Remarks. 


20a 

•  Dlckersou i  March     31 

10.25   2° 

33/.O  1  -  /.8   20 

32^2 

J.  D.  Thompson 

70 

Corunna '  May  28,  29 

10.41   3 

22  .9    -1  .2 

3 

21  .7 

W.  M.  Brown. 

N. 

Merid.  8tone. 

14a 

Snow  Hill,  ..  .8;  June  1 

10.41   5 

23  .6    -1  .2 

5 

22.4 

J.  B.  Baylor. 

8. 

14b 

!          -                 N,      "     1 

10.41   5 

23  .8    -1  .2;  5 

22  .6 

i( 

N. 

16a 

,  Princess  Anne,  8  '      *'     4 

10.42   5 

16  .6i  -1  .3j5 

15.3 

(( 

8. 

16b 

N        »♦     4 

10.42    5 

11  .8    -1  .3,5 

10.5 

11 

N. 

132 

Denton 8       '»     7 

10.43   5 

54  .8 

-1.3 

5 

53  .5 

It 

8. 

132a 

Ni      "     7 

10.43   6 

04  .3 

-1.3'6 

03  .0 

ti 

N. 

27a 

Elkton 8       "     9 

10.44    5 

21  .3 

-1  .8;5 

20.0 

tf 

8. 

27b 

!          4*                  N        »«     9 

10.44   5 

51  .5    -1  .3   5 

50  .2 

(t 

N. 

81  A 

lEllicott  City.. 8       "  12,  13 

10.45    5 

12  .9    -1  .4    5 

11  .5 

tt 

8. 

31b 

;          '»                  N        «»  12,  13 

10.45,4 

59  .6    -1  .4   4 

58  .2 

ti 

N. 

21a 

Westminster  ..8       *♦  15 

10.45   4 

45  .0    —1  .4,4 

43.6 

tt 

8. 

21b 

N       »»  18 

10.46  4 

48  .1    -1  .4'4 

46.7 

tt 

N. 

80  a 

.  Annapolis 8 

»♦  21 

10.47   5 

30.8  1-1  .4    5 

29  .4 

It 

8. 

80b 

N 

it  21 

10.47   5 

34  .8    -1  .4   5 

33.4 

it 

N. 

28a 

;  Prince  Fred- 

i      crick 8 

*'  25 

10.48    5 

24  .3    -1  .4   5 

22  .0 

tt 

8. 

28b 

N 

•"  25 

10.48   5 

18.6    -1  .4    5 

17  .2 

it 

N. 

2a 

Up.  Marlboro.  .8 

«*  29 

10.49,5 

06  .6    -1  .5   5 

05  .1 

tt 

8. 

2b 

N 

*»  29 

10.49   5 

05  .0:  -1  .5|5 

03  .5 

tt 

N. 

6a 

Leonard  town    8 

»«  27 

10.49   4 

54  .6    -1  .5   4 

53  .1 

tt 

8. 

62a 

Rockville 8  Jnly   2 

10.50    5 

46  .2    -1  .5    5 

44  .7 

t( 

8. 

22a 

Hagerstown  .  .N 

June  9 

10.44   4 

36  .7    -1  .3    4 

35  .4 

J.  A.  Fleming. 

N. 

Table 

vin. 

Magnetic  Declinations  by  Surveyors. 

[These  observations  were  made  with  care,  using  ordinary  compass  needle  belonging  to  Mr.  Brown's 
transit  which  he  had  repeatedly  compared  with  Magnetometer  No.  18.] 


No, 


Station. 


•o 

3 


a 


9X1 

.So 


83      Lonaconing 39»  83^.6  78*59^.1 


4i 


Date. 


•o  . 

08** 

P5S 


Sept.  1 
Dec.  23 


70      Corunna 39    16  .6  79    22  .6 


it 
.t 


24     Oakland 39    24  .6  79    24  .6 


ii 


June  24 
Jan.  13 
June  18 


e8> 
0}  O  0) 


8.67     3*>  53^6 
8.98     3     52  .3 


Sept.  5 
Dec.  20 
Feb. 23     9.15 


8.68  .3     19  .1 
8.97     3     13  .5 


8.48 
9.04 
9.45 


3     18  .1 


**  ^ 

-08 
•o  3 

IS 

•-8 


+4^o 
+  3 .1 


Mean, 

-f  4  .0 
+  3  .1 
+  2  .6 


■*2  « 

S8  0) 

§^ 

08S 
P  08 


Observer. 


3®  57^^.6    W.  M.  Brown. 
3     55  .4 


3  56  .5 

3  23  .1 

3  16  .6 

3  20  .7 


3     24  .4 
3     22  .2 
8     19  .8 

Mean, 

+  4  .6 
+  2  .9 
+  1  .6 

3 

3 
3 
3 

20  .1 

29  .0 
25  .1 

21  .4 

Mean, 

3 

25  .2 

1 

it 
it 
(( 


tt 
tt 
It 
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Table  IX. 

Recapitulation  of  all  vabu*   of  the  magnetic   declinaiiont  obterved  in  Maryland  between   189C-1901, 
reduced  to  January  I,  1900,  and  arranged  alphahttically  according  to  county. 


No. 


71 

96 

83 

28 

23a 
131 
130 
129 
128 
127 
126 
125 
124 
123 
122 
121 
120 
119 
118 
117 
116 
115 
114 
113 
112 
111 

60 

30 

80a 

30b 

68 

32 

47 

47a 

56 

87 

48 

19 

97 

28 

28a 

28b 
132 
132  a 

10 

86 

89 

88 

21 

21a 

21b 

27 

27a 

27b 


Station. 


County. 


3 


C 


Western  port 
iPaw  Paw  . . . 
Lonaconin^  . 
[Cnmberland . 


Allegany 


ti 


it 

ti 


Daniers  Farm, 

Mound  27 

26 


tt 


'»        24 

**       28 

22 

21 

19 

18 

15    .... 

14 

13 

10 

9 

8 

7...    . 

5 

4 

Sampson  Rock 

Mound    2 

1 

Fair  Haven. . . . 
Annapolis 


it 
it 
ti 
it 
it 
tt 
tt 
it 
it 
it 
it 
it 


Allegany -Garrett 
Boundary  Line. 


Anne  Arundel 


it 


it 

ti 
it 


it 

it 
it 


Webb  . . . 
Baltimore 
.Towson. . 


it  it 

Baltimore. 


It 


Bradshaw 

Reisterstown. . . . 

Hyde's 

iCockeysville  . . . . 

'Parkton 

(Prince  Frederick 


it 


it 


it 


it 


Calvert 


jDenton,  S.  M. 
««         N.  M. 


IRldgely 

Sykesville. . . 
ITaneytown. . 
Manchester. . 
Westminster 


it 


it 
Elkton 


it 


tt 


it 
it 

Caroline 

it 

it 

Carroll  . 
it 

t  i 

it 

it 

it 

Cecil  . . . 


tt 

it 


89  28.9 

39  32.1 

89  38.6 

39  39.2 

89  40.0 

39  28.0 

39  28.8 

39  28.8 

89  29.7 

89  80.1 

39  81.0 

,39  81.8 

'89  82.8 

j89  88.0 

89  34.7 

89  85.1 

'89  35.7 

,39  87.3 

89  87.9 

'89  38.67 

89  89.3 

89  40.5 

■89  41.2 

89  42.4 

!89  42.5 

59  48.4 

,  88  45.4 

.38  58.9 

,38  59.1 

.  88  59. 1 

.  89  05.8 

.  89  15.9 

.'89  24.0 

.39  24.0 

.89  25.8 

89  27.8 

,89  29.1 

,89  29.1 

,'39  89.0 

.'38  82.4 

.88  32.4 

.38  32.4 

J88  53.3 

.  38  53.8 

.  88  57.4 

.  189  22.8 

.^9  89.5 

.,89  39.6 

.139  84.6 

.;39  34.6 

.189  34.6 

139  86.5 

.139  86.5 

.'89  36.5 


79  02.2 
78  26.2 
78  59.1 
78  46.4 

78  46.0 

79  02.7 
79  04.0 
79  04.0 
79  03.8 
79  08.0 
79  02.4 
79  01.9 
79  01.8 
79  01.2 
79  00.1 
78  59.9 
78  59.5 
78  58.5 
78  58.2 
78  57.7 
78  57.8 
78  56.6 
78  56.1 
78  55.7 
78  55.4 
78  54.8 
76  83.4 
76  29.1 
76  29.5 
76  29.5 
76  40.5 
76  34.9 
76  36.4 
76  86.4 
76  22.6 
76  50.0 
76  2t».2 
76  38.6 
76  40.0 
76  34.9 
76  84.9 
76  84.9 
75  52.0 
75  52.0 

75  52.0 

76  57.7 

77  10.7 
76  52.8 
76  59.7 
76  59.7 
76  59.7; 
75  49.5! 
75  49.5 
75  49.  .V 


=;  'a? 

O        t 

8  53.4 
4  12.4 
8  55.0 
4  12.4 
4  13.5 
8  15.6 
8  11.6 
3  44.6 
8  52.0 
8  58.0 
8  55.7 

3  55.  S 

4  00.1 
4  00.9 
8  59. 1 
8  58.8 
8  57.8 
4  02.4 
4  07.9 
4  08.  S 
4  04.4 
4  09.2 
4  08.6 
4  02.9 
4  li.O 

4  12.2 

5  30.7 
5  25.7 
5  29.4 
5  88.4 
5  W».7 
5  82. 1 
5  59.4 
5  49.9 
5  26.7 
7  04.5 

5  52.7 

6  11.9 
6  00  7 
5  20.0 
5  22.9 
5  17.2 

5  .58.5 

6  08.0 

5  54.1 

6  25.9 

4  59.7 

5  80.6 

5  ie.6 

4  48.0 

4  46.7 

5  21.6 
5  20.0 
5  .50.2 


Remarks. 


North  Bank  Potomac. 
Field,  S.  R.  R.  Sta.,  [W.  Va.l 
Near  Md.  Coal  Co's  Office. 
Camp  Hill. 

Mer.  L.,  S.  M.,  Poor  H. 
|W.  Va.] 


Boundary  Line  Allegany  and 
Garrett  Counties.      [For 
further  information  see 
Report  on  Boundary  Line.] 


Hill  near  Steamboat  Landing. 

Nav.  Acad.,  near  Obs'y. 

Merid.  L.,  S.  M.    )    Nav. 

»*    N.  M.  f  Acad. 

Near  Triang.  Sta. 

Fort  McHenry. 

Merid.  L.,  N.  Mon. 
44        it     g^     tt 

Col.  Taylor's  grounds. 
Near  Franklin  School. 
Garden  back  R.  R.  office. 
Cockev's  Lot. 
Hill,  w.  R.  R. 
1896  Sta.,  C.   H. 
Merid.  L.,  S.  M.    ) 
''    N.  M.  f 
Merid.  L.,  S.  Mon. 


C.  H. 
Square. 


it 


N. 
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School  House. 

Field  near  Brick  School. 

Meier's  Academy. 

Lot  back  School  House. 

C.  H.  Lot;  Loc.  Dls. 

Merid.  L.,  S.  M.   J  West.  Md. 

*»     N.  M.  \       Col. 
High  School,  near  8.  M. 
Merid.  L.,  S.  M. 

N.  M.,  Loc.  Dis. 


4i 


4t 
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TiBLR  IX.— Continued. 
jiiitic   derllualiont  obierved  m  Xaryland  belwen  lHQO-1901, 
and  arraHgrd  alpliabtlicaUy  according  to  eottnly. 


Cecil  . 


McHenr;  . 

Accident.. 
\Stw  Germi 


Havre  de  Grace.. 

IClinrcbTllle 

Forest  Hill 

TboniM  RnD  . . . . 

Mlnelleld 

iDnblln 

Hl^lilaod 

jCtrdlff 


...SH  41.57eft 

. .'     "      39  11.8  75.17.7 

, .  Chirlea .1H  Sl.8.76  58.7 

..Dorchester 38  S-l.S: 

3B  88.075  .13.7 

. .  Frederick as  34.777  2. 

■•■         3fla>.077  34.e 

"  'Sa  39.077  13.9 

|30  11.7 7fl  39.a 
law  12.779  3».0 
39  14.1i7fl  39.3 
39  30.879  30.4 

d-39  31.B'7fl  31 
1.39  39. 1  70  31 
39  30.079  31 
SB  34.7  79  3U.3 
|39  33.9  79  30.4 
'39  43.a  ■ 
..39  16.6  79  33.6 
..39  34.5  79  34.5 
..39  24.6 T9  34.6 
..39  37.079  i; 
..>S9  33.479  3 
..IS9  87.679  19.' 
..]39  87.9,79  0' 
..39  41.6J79  09.1 
..  139  38.3  76  14.4 
..'39  31.976  30.8 
..39  31.9  76  30.7 
..39  Sl.976  30.7 
..39  33.4  76  ftVl 
.  ,39.33.676  15.1 
..39  34.^76  33.9 
..39  35.476  16.9 
..39  39.3,76  3 


rUlcott  City Howar 
„     I      „ 


plieitertowii 'Kent 

iTjlfheeter *'     

HuitT "       

petterton "     

CiltideD Montgomsrr 


,  .39  ■ 


3.3  76  30.1 

148.3  76  30.1 

3.876  30.1 

,6  76  IS.O 

I  16.376  41 

H.3  76  48.3 

6.3  76  48.3 

0.177  04.1' 

8.0  76  0.*S.O 

I  13.9  76  04.0 

I  13.9  7fl  1 

8.5|75  48.5 

.1.9176  03.9 

,.139  00.5'77  0; 

.S9O0.T77O3.1' 

. .  39  00.8 : 


4  H.  J.  Briacoe'e  Field. 

0  School  Lot. 

8  Meridian  Line. 

1  Herld.  L.,  8.  E.  Mod. 
T  School  •' 

9  Deatsna  Dumb  Aiflam. 

7  Merld.  L.,  C.  H.  Lot  1 
Possible  Local  Dlst.  f 

I  Hotel. 

4  At  the  Stone. 

4  463  feet  Nortb  Sta.  73. 
0  jFlynn's  Farm. 

0  Mlchler  Mod. 

8  l^ear  Brookalde,  W.  Va. 

0  Near 

5  Near  Merld.  Sta. 

0  Near  Mlchler  M(,d. 

1  North  end  of  Clearing. 

1  373  leet  north  Mlchler  Uon. 

6  M.  L.,  N,  Mod.,  '97  and  1900. 
8  Merld.  1..,  S.  Mod. 

3  School  Lot. 

3  W.  H.  Lobr's  Garden. 

0  Lot. 


3  lotel  )  Re^loD 

1  Lot  t-  Local 

0     ™t  E.  M.    \  DtBt. 

0  Ll^ht  House. 

3  Garden,  Forwood's  Hotel. 
0  Tucker'a  Lot, 

5.8  MaJ.  Caldwell's  Farm. 

I  Loc.  Diat.     Mot  to  be  used. 
1.1  'Field  3.  Presbj.  Ch. 

5.5  1896  Sta. 

4  Bound.  Stone 

5.6  School  Lot 
0  Pee  He  as  Slate  ( 
0  School  Lot. 

1.5  Merld.  L.,  S.  M.    I  Patapaco 
N.  M,    f  Institute. 


Region 
Local 

Uiat. 


Lot. 

[ 


'   E.  AS.  W.  Mon't 

S  B. 

9  -ack. 

8  Near  School  House. 

R  Hill  Hotel. 

3  Base  Station. 
8.3  Anilllary  Station. 
6.3  Lot  front  Catb.  Church. 


SEOOBD   BKFOBT   OK   MAOXETIC    WORK   1 


UASTLAUD 


AMopifuIalfon  o/  all  valvei   of   tht  magnetic 
reduced  to  January  ),  1900,  and  i 


in  Mart/land  MirttH  ISUU 
ttically  aeronliiig'^lo  conHly. 


m 


Seneca...' Moutgomer;  . . 

RockTille 

HnntlDg  Hl'll 

Quince  Orcbtird " 

Derwood 

GiltherBbnrir " 

Redlsud 

Mlddlebrook 

Cross  Ro»d»,  I 

II 

Ilickeraon " 

Unity 

DamaspiiB " 

Cheltenham Prince  George' 


3       Upper  .Marlboro . , 


Centervllle "  '■ 

CrlsHeld Somorsat  . 


Mechanic  ST  11  le " 

Oi/ord Talbot.. 

jTllKhnian  I "      .. 

[EaBlon " 

LMsryland  Hel|;hts  '.'.'.'.  Wsslilnj; 

Hagerstown " 


Sallsburj' Wicomico.  ■ 


Parsonaborg  ■ . .  ■ 
iPocomoke  Citj.. 
'Snow  Hill 


3«  17.477  la.s: 


t  44,8 7(1  .M.O 
t  49.078  415.2 
I4H.076  4."). 2 
t  4B.070  4.5.2 
t.lS.9.7«32.« 


04.3 

77  20.7: 

0.'i.0  77  0H.2i 

nsfi 

~7  09.( 

0.5  N 

■7  i-i.fi 

■7  15.^ 

H7,-2 

-7  09.S 

OH  1 

(IS  2 

-7  13.5 

OM.a 

-7  13..1 

3  '»7  8ta.,  J.  Weat's  Field. 

7   (tBSIa.,  H.     '■ 

1  Field  back  C.  H. 

7  Marld.  L.,  S.  Mod.,  Acadenj. 

9  I.  B.  Ward's  Field. 

5  J.  T.  HlKden's  Field. 

e  W.  W.  Si     perli- 


5  44.0 
S56.0 

5  2B.3 

6  2.5.9 
6S8.H 
O50.2 
4  51.1 
6  04.4 


4  Lot 


Store. 


B  03. 7 


J26.K76  44.7 
J  41.4  76  10.5| 
J  43. It  76  20.0. 


5  MaRQe  rTatorj. 

1  Mean  Sta'g  IV,  V,  VI,  VII, 

a  Meau  SU'B  I,  II,  III. 

9  C.  H.  Lot. 

1  ^Merld.  I,.,  8.  M. 

5      ■'        '■    N.  M. 

8  Price  Farm. 

3  1896  eta.,  Boj's  Academy. 

7  Merld.  Line,  P..  S.  E.  -Mod. 

e  Near  Academy. 

1  1996  8ta.,  HiKh  SeliooL 

S  Merld.  Line,  S.  M.  j  High 

5      ■•  '■      S.  M.  [  SchooL 

1  18H8  Station,  C.  li. 

1  Merld.  Line,  S.  M. 


r's  Hotel. 


a 


L.  D. 

a  Sumniil  near  old  Fort. 
7  Hushes  Farm. 

4  Merid,  L.,  S.  M.,  Alma  H. 
3  BroBiiis'  Field. 
88  32.0  7."*  38.0|    5  25..5  ;C.  II.  Lot:  Loc.  Dist. 
:.Merld.  Line,  N.  aud  S. 
LotSoulb  B.  C.  A.  R.  R.  Sta 


SB  19.979  IS.  3|    5  35.1 
38  30.075  0.5.81    Gi 


fi  C.  H.,  Local  Diet. 

4  Merid.  L..  S.  M.  t  Race 
'■    N.  M.  (Track. 

ikln^ham  H.  8. 

5  Life  SBTlni:  Sta. 
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a  :::::::::   : 


II 


''^lini^ini  I     *  «  a 

;  IW     I     =  o  a 

I  -noipoHi 


'P.«qo  -     egeoog.gosoogooQgooesogggeeoge 


J  ^    "."no  JO  »i»a     ='»'« 


3iJ&aA%s?-Ci^7>3Ci9e;;^Oac:SA£^ 
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SECOND  REPORT  ON  MAGNETIC  WORK  IN  MARYLAND 


The  following  additional  data  for  determining  the  amount  of  change  in  the  magnetic  decliDatiuo 
from  year  to  year  has  been  secured  since  the  publication  of  the  First  Report  and  is  given  here,  in 
tabular  form,  for  future  use. 

Table  XI. 

Additional  secular  variation  data  of  the  magnetic  declination. 
[The  stations  were  in  no  case  precisely  identical.] 


Station. 


Lati- 
tude. 


Longi- 
tude 
West  of 


Dat«, 
Year  and 


Green-  I>eciraal 
wich. 


Magnetic 
Declina- 
tion. 


Remarks. 


Chesapeake  Bay  be- 
low   mouth    of 
Potomac    87°55 

Chesapeake  Bay 
mouth  of  Patu.^- 
ent 38  20 


76°10' 


76  20 


1732 


4°58    W 


1732         4  47    W 

Ocean  City 38  20.0  75  05.8    1853.73  2  33.0  W 

18i»6.72  5  27.5  W 


Oxford I  38  41.4  7fi  10.5 


1707.5     5  04.0  W 


1856.64  2  41.3  W 
1897.48  5  33.0 


Walter  Hoxtou,  on  three  voyages  from 
London  to  Maryland.  See  Ilansieen's 
Magnetismus  der  Erde,  Christiania, 
1819,  Tafel  III,  p.  57.  The  latitudes 
and  longitudes  have  been  approxi- 
mately assigned  by  me.     L.  A.  B. 

J.  E.  liilgard,  1st  Rep.  p.  490,  station 
Davis,  in  latitude  38°  20  .4  and  longi- 
tude 750  06.4 

Observed  by  L.  A.  Bauer  as  follows: 
Plat  of  Oxford  1707  gives  magnetic 
bearings  of  certain  streets.'  Selecting 
the  two  best  preserved  street  lines, 
their  true  directions  were  determined 
by  observations  on  the  sun  June  25, 
1807.  Thus  for  Tilghman  Street  the 
true  bearing  was  found  to  be,  66°  36\0 
E  of  N  whereas  the  magnetic  bearing 
in  1707  was,  71°  E  of  N,  hence  (a) 
magnetic  declination  in  1707,  4°  24 
W.  For  MorriH  Street  the  true  bear- 
ing was,  22°  44' .8  E  of  S  and  the 
magnetic  bearing  in  1707,  17°  E  of 
S,  hence  (b)  magnetic  declination  in 
1707,  5°  45'  W.  Adopting  the  mean  of 
(a)  and  (b),  the  magnetic  declination 
for  1707.5  is  5°04'  W. 

C.  A.  Schott,  First  Report,  p.  490. 
L.   A.   Bauer,  Second  Report   Table   II, 
Station  59. 


^  The  following  magnetic  bearings  are  taken  from  "A  Piatt  of  the  Town  and  Port  of  Oxford 
Surveyed  in  1707  by  Wm.  Turbitt"  belonging  to  the  town  of  Oxford  and  brought  to  my  attention 
by  R.  H.  Bain,  C.  E.,  Easton.  The  map,  which  is  on  sheepskin,  was  inspected  in  the  office  of 
Col.  Os.  Tilghman,  Easton,  June  25,   1897.     Magnetic  Bearing  (1707) 

1st  Street,  now  Morris  Street S  17  E. 

[Leads  down  to  Steamboat  wharf  past  Todd's  Hotel.  In  front  of  Hotel 
street  bends,  bearing  given  applies  to  street  above,  hence  my  astronomical 
observations  were  made  at  the  corner  of  Morris  and  Tilghman  streets.] 

2nd  Street  (paralled  to  Morris  Street) S  17  E. 

Intersecting  Streets : 

Market 

Strand     J.    old  names N  17  E. 

Bach 

I  Tilghman  is  one  of  these  streets.] 
The  azimuth  observations  were  made  at  the  corner  of  Morris  and  Tilghman  Streets.     The  offsets 
on  the  streets  in  order  to  get  the  middle  of  street  were  measured  on  both  sides  by  Mr.  R.  II.  Bain 
and  as  long  a  line  as  possible  secured.     Impending  shower  interrupted  further  work. 

L.  A.  B. 


} 
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Table  XI — Concluded. 

Additional  secular  variation  data  of  the  magnetic  declination. 
rXhe  stations  were  in  no  case  precisely  identical.] 


Station. 


Chestertown 


Lati- 
tude. 


39  12.9 


tudo.       Date,       Mag-netic 
West  of  Year,  and.  Decllna- 
Greon- '  Decimal.,      tion. 

wich. 


Kent  I.  S.  B 


Webb 


Baltimore 


Haryland  Heights. 
HaTre  de  Grace. . . 


Western  Boundary 
of  Maryland 


38  53.9 

39  05.8 

39  17.8 
39  20.4 
39  32.41 


39  36.7 


76  04.0    1702  6  06.0   Wi 

1897.41    5  47.0  W 


Remarks. 


Obtained  by  L.  A.  Bauer  by<determining 
on  June  1,  1897  the  astronomical  di- 
rection of  main  street  laid  out  in  1702 
to  run  magnetically  northwest  and 
southeast.  The  data  gave  for  the 
magnetic  declination  in   1702: 

(a)  5°  30    weight  3 

(b)  3  55  "       1 

(c)  5  05  ♦♦2 

5  06 


76  22.0    1845.42  2  24.3  W 

1897.55  5  21.4  W 

76  40.5    1850.89  2  07.9  W 

1868.73  2  55.6  W 

1897.54  5  02.3  Wl 

76  37.0  I 

77  43.0    1870.82  2  56.0  W 

,   1897.57  4  81.3  W 

76  05.1    1847.51  2  13.7  W 

1899.47  5  24.4  W 

79  29.2    1860.5  1  23.0  W 

1897.77  3  42.4  W 


T.  J.  Lee,  First  Report,  p.  490. 

L.  A.  Bauer,  Second  Report,  p.  34. 

G.  W.  Dean,   C.  &  G.  8.  Archives. 

C.  O.  Boutelle,  First  Rep.  p.  490. 

L.  A.  Bauer,  Second  Report,  p.  32. 

No  additional  data.      See  First  Report, 

p.  473. 
C.  O.  Boutelle,  First  Report,  p.  490. 
L.  A.  Bauer,  Second  Report,  p.  32. 
T.  J.  Lee,  First  Report,  p.  490  (Susq.  Lt.) 
L.  A.  Bauer,  Second  Report,  Table  IV, 

Station  98. 
J.  de  la  Camp,  mean  of  9  stations,  with 

small  Schmalkalder  compass.  ^ 

L.    A.    Bauer,    combining  stations  Nos. 
78,   80  and  82,  Table  III. 


*  Magnetic  Declinations  Obnerrtd  in  July^  1860  along  the  Michler  Meridian  Line. 

These  readings  were  made  presumably  by  the  surveyor  John  de  la  Camp  who  cites  them  in  his 
printed  pamphlet  addressed  to  the  Senate  of  West  Virginia  in  February,  1868.  They  were  made 
on  the  line  and  doubtless  with  the  Schmalkalder  compass  in  the  outfit  of  the  surveying  party. 
Xu  eHdetice  ran  be  had  a»  to  the  correctnem  of  the  pointings  or  an  to  the  error  of  the  compans.  The  lati- 
tudes and  longitudes  were  assigned  with  the  aid  of  the  distances  given  in  the  last  column. 


Location. 


Latitude. 


I 


,  Magnetic 
Longitude.;      Decli- 
'     nation. 


Distance  from 

Fairfax  Stone, 

miles. 


Near  Chisholm's  Mill 

Near  Cranesville 

On  Fike's  Hill 

5  miles  north  of  Fikc^s  Hill 

5  miles  south  of  Pennsylvania  line 

4  miles  south  of  Pennsylvania  line 

3  miles  south  of  Pennsylvania  line 

2}  miles  south  of  Pennsylvania  line 

Intersecting    with    Mason  and  Dixon  line 

1*1  VTnU  •••••••••••  •••  •• 


39«>19'.l  !  79«>29'.2  ;  loOO'  W 


39  33  .4 
39  34  .8 
39  39  .2 
39  38  .9 
39  39  .8 
39  40  .7 
39  41  .1 


79  29 
79  29 
79  29 
79  29 
79  29 
79  29 
79  29 


o 
o 
o 
•) 

.2 
.2 


2  I 


1  25 
1  10 
1  15 
1  32 
1  30 
1  30 
1  35 


39  43  .3  I  79  29  .2    1  30 
39  36  .7   79  29  .2    1  23.0 


8.6 
25.0 
26.6 
31.6 
31.3 
32.3 
33.3 
33.8 
36 . 3 


44  SECOND   REPORT   ON   MAGNETIC   WORK   IN   MARYLAND 

MAP   OF  THE   LINES   OF   EQUAL   MAGNETIC    DECLINATION   FOB 

JANUARY   1,   1900. 

[Plate  11.  ] 

The  present  map  supersedes  the  preliminary  one  published  in  the 
First  Report  and  is  based  on  all  observations  up  to  the  present  time — 
about  three  times  as  many  as  for  the  first  publication.  The  lines 
have  been  drawn  again  with  a  free  hand  to  conform  as  nearly  as 
possible  with  the  observed  values  of  the  magnetic  declination. 

As  was  to  be  expected,  in  the  region  of  uniform  distribution,  viz., 
in  the  southern,  southeastern  and  western  parts  of  Maryland,  the 
preliminary  lines  required  scarcely  any  modification,  even  where  the 
number  of  the  stations  has  been  greatly  increased,  as  was  the  case  in 
western  Maryland.  In  the  central  and  northeastern  parts,  however, 
the  greatly  increased  number  of  stations  necessitated  material 
changes.  Even  now,  owing  to  the  greatly  disturbed  character  of  the 
distribution  of  the  earth's  magnetism  in  this  region,  it  should  not  be 
understood  that  the  present  lines  represent  the  actual  facts  in  every 
particular.  They  serve,  however,  to  point  out  the  extent  and  gen- 
eral character  of  the  disturbances. 

The  pronounced  disturbance  in  the  vicinity  of  Gaithersburg  re- 
vealed itself  when  members  of  the  Coast  and  Geodetic  Survey  made 
observations  in  various  localities,  near  Washington,  for  the  purpose 
of  determining  the  most  suitable  site  for  a  Magnetic  Observatory. 
Plate  in  exhibits,  on  a  larger  scale,  the  isogenics,  or  lines  of 
equal  magnetic  declination,  for  this  locality.  Gaithersburg  appears 
to  be  right  in  the  midst  of  the  disturbance,  the  extreme  values  of  the 
magnetic  elements  occurring  on  either  side;  thus  at  Waring,  about 
3  miles  northwest,  the  declination  is  0°50/2  ^V,  the  dip,  71°45.'6, 
the  horizontal  intensity  0.1880  c.  g.  s.  units,  and  at  Derwood,  about 
three  miles  southeast,  the  declination  is  8°23.'9  W,  the  dip,  70^16.'5 
and  the  horizontal  intensitv,  0.2038. 

A  mathematical  analysis  of  the  forces  producing  the  disturbances 
in  this  locality  traces  their  source  to  parallel  ridges  running  approxi- 
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mately  in  a  northeast  and  southwest  direction,  and  as  this  direction 
agrees  with  that  of  the  serpentine  beds,  as  mapped  by  the  geologists, 
the  inference  would  be  that  these  beds,  as  in  the  northeastern  part 
of  Maryland,  are  the  cause  of  the  magnetic  disturbances. 

For  an  account  of  the  change  in  the  distribution  of  the  magnetic 
declination  with  the  lapse  of  time,  the  reader  is  referred  to  pages 
494-497  of  the  First  Report  where  there  is  given  an  approximate 
representation  of  the  distribution  for  the  years  1700  and  1800. 

As  already  stated,  the  magnetic  declination  is  at  present  increasing 
at  the  rate  of  5'  per  year. 


Descriptions  of  Magnetic  Stations  in  Maryland. 

BiAGNETIO   stations    IN    MARYLAND    BETWEEN    1896    AND    1901. 

The  arrangement  of  the  stations  is  alphabetical.  The  number 
indicates  the  general  order  in  which  the  stations  were  occupied,  and 
at  the  same  time  serves  as  a  brief  method  of  designating  the  various 
stations.  When  an  additional  station  was  obtained  in  the  same  town 
or  locality  a  capital  letter  is  attached  to  the  number. 

All  the  stations  were  temporarily  marked  at  the  time  of  observation 
by  wooden  stubs  with  brass  nails  or  screws  in  their  tops.  These  stubs 
were  left  in  the  ground.  No  money  was  available,  except  when 
meridian  lines  were  established,  for  marking  the  stations  more  per- 
manently, nor  was  it  particularly  advisable,  except  in  a  few  cases, 
to  spend  any  great  amount  of  time  or  money  in  this  way.  The  de- 
scriptions below  will,  in  general,  suffice  for  future  observations  at 
the  identical  station  and  they  include  all  stations  obtained  from  the 
beginning  of  the  magnetic  survey  in  1896  to  1901.  At  a  few  of 
the  stations  no  declinations  were  observed  for  various  reasons. 

02.  Accident,  Garrett  County,  1899. — In  the  south  corner  of  school  lot 
opposite  Bellevue  Hotel.  Marked  by  a  stake  which  is  62.9  feet  from  east 
corner  of  frame  school  house  and  93.7  feet  from  west  corner. 

30.  AiSTNAPOiiis,  AiTNH  Arundbl  County,  1896. — On  the  Naval  Academy- 
grounds,  in  the  open  area  near  the  Observatory;  45  paces  west-northwest 
of  Observatory  and  62  paces  northeast  of  Herndon  Monument.     Site  was 
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chosen  by  Professor  Terry,  in  charge  of  the  Physical  Department  of  the 
Academy. 

30a  and  B.  Annapolib,  Anne  Abundel  County,  1900.  Observations  were 
made  over  both  ends  of  the  meridian  line  located  on  the  Naval  Academy 
grounds  in  the  large  open  space  south  of  the  Naval  Cemetery,  The  North 
stone  is  93  feet  from  the  Cemetery  Koad,  190  feet  from  the  Severn  County 
Koad  and  about  300  feet  from  the  south  stone. 

32.  Baltimore,  Fobt  McHenry. — The  description  furnished  by  the  Coast 
and  Geodetic  Survey  of  their  station  occupied  in  1895  by  J.  B.  Baylor, 
Assistant,  is  as  follows:  New  station  selected  is  in  the  large  open  space 
in  the  extreme  eastern  part  of  the  Fort  next  to  the  outer  sea-wall;  ICVj 
yards  from  the  outer  sea-wall  and  13  yards  from  a  locust  tree,  and  is 
marked  by  a  substantial  locust  post  with  a  copper  tack  in  it,  and  sunk 
flush  with  ground.  Site  is  quite  free  of  artificial  disturbing  influences, 
such  as  pipes,  ordinance  materials,  etc. 

The  Magnetic  Survey  station,  1896,  was  placed  as  near  as  possible  to 
above  station.  The  locust  post  could  not  be  found,  but  with  the  aid  of 
the  orderly  who  had  assisted  Mr.  Baylor,  it  was  possible  to  locate  within 
a  few  feet  of  Mr.  Baylor's  station. 

[The  former  C.  and  G.  S.  station » of  1877  and  1885  in  another  part  of  the 
grounds  had  to  be  abandoned  on  account  of  proximity  of  electric  cars. 
The  commander  of  the  Fort  states  that  there  was  a  bed  of  iron  below  the 
grounds  of  the  Fort.] 

66.  Bay  Ridoe,  Anne  Arundejl  County,  1897. — In  the  field  south  of  sum- 
mer resort.    Only  dip  observations  were  made. 

29.  Belair,  Habford  County,  1896. — In  the  garden  back  of  Rouse  House, 
known  later  as  Eagle  Hotel;  110  paces  back  of  the  house,  41  pacQs  north 
of  south  barbed-wire  fence  and  34  paces  west  of  east  fence  at  a  point 
where  stands  a  small  willow  tree.  Site  appears  to  be  free  from  any  arti- 
ficial disturbing  influence. 

29a  and  B.  Belaib,  Harford  County,  1897. — When  establishing  a  true 
northeast  and  southwest  line,  observations  were  made  at  various  points 
in  the  vicinity  of  the  court-house;  station  29b  is  over  the  Northeast  monu- 
ment and  is  subject  to  artificial  local  disturbance.  The  1896  station  back 
o^  the  hotel  was  also  reoccupied  and  a  new  station,  29a,  established  in 
the  Dallam  lot,  back  of  the  jail.  Belair  is  in  l*he  midst  of  great  regional 
disturbances  and  a  small  change  in  the  position  of  the  station  will  pro- 
duce large  changes  in  the  magnetic  elements.  Compare,  e.  ^.,  the  declina- 
tions for  29  and  29a,  two  stations  not  over  one-quarter  of  a  mile  apart. 

33.  Belcamp,  Harford  County,  1896. — On  the  farm  belonging  to  Mr. 
James  Walsh  and  occupied  at  present  by  Mr.  E.  J.  Cottle,  about  400  feet 
back  of  railroad  station,  34  paces  west  of  first  locust  tree,  25  paces  south 
of  wild  cherry  tree. 

13.  Berlin,  Worcester  County,  1S96. — In  the  northwest  corner  of  Buck- 
ingham High  School  grounds;  61.2  feet  from  the  northwest  corner  of  the 
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frame  building  and  21.8  feet  (at  right  angles)  from  the  fence  in  the  rear 
of  grounds. 

99.  Betterton,  Kent  County,  1899. — Station  is  on  the  hill  west  of  Bet- 
terton  Hotel  owned  by  Mr.  John  Henry  Crew.  Precise  spot  is  in  line  with 
chestnut  tree,  on  the  northeast  side  of  the  hill,  and  the  northeast  corner 
of  Mr.  Crew's  house,  about  %  of  the  way  from  said  tree.  Point  is  marked 
by  a  wooden  peg. 

56.  Bradshaw,  Baltimore  County,  1897. — On  the  grounds  of  Col.  Taylor, 
east  of  the  Baltimore  and  Ohio  station,  25  paces  south-southeast  of  locust 
tree. 

4.  Brandywine,  Prince  George's  County,  1896. — In  the  woods  about  100 
yards  east  of  railroad  station.     Dip  only  observed.     Soil,  sandy. 

101.  Calvert,  Cecil  County,  1899. — Station  is  near  the  southeastern  cor- 
ner of  school  lot,  about  in  line  with  the  eastern  edge  of  school  and  16 
paces  north  of  large  oak. 

44.  Camrridoe,  Dorchester  County,  1897. — In  the  grounds  on  the  south 
side  of  the  court-house,  over  the  Southeast  monument  of  the  true  north- 
west-southeast line  established  in  1897.  This  monument  owing  to  the 
nature  of  the  soil  and  of  the  surroundings  had  to  be  placed  on  the  grounds 
adjacent  to  the  court-house  lot  and  owned  by  Mr.  James  Wallace.  Water 
was  struck  about  three  feet  below  the  surface.  This  monument  is  a  gran- 
ite post,  7x7  inches  square  and  4^/^  feet  long,  projecting  about  8  inches 
above  the  ground  and  having  in  its  center  a  brass  bolt  with  a  cross  cut  in 
to  mark  the  northwest-southeast  line.  The  Northwest  monument  is  a 
similar  pillar  and  is  fully  350  feet  away.  There  may  be  a  slight  local  dis- 
turbance near  the  latter  owing  to  vicinity  of  court-house.  The  Southwest 
monument  is  doubtless  free  from  local  attraction,  near  the  jail,  however, 
a  decided  local  disturbing  influence  makes  itself  felt. 

37.  Cardiff,  Harford  County,  1896. — In  the  open  lot  about  100  yards 
southeast  of  railroad  station;  32  paces  from  the  white  wooden  fence  and 
8  paces  from  wire  fence. 

37A-K.  Cardiff,  Harford  County,  1897. — Region  of  serpentine  quarries. 
In  1897,  11  additional  stations  in  this  vicinity  were  occupied  for  the  pur- 
pose of  mapping  the  disturbed  area.  At  most  of  the  additional  stations 
simply  the  dip  was  observed. 

37a.  Was  in  the  baseball  field  southwest  of  the  station  near  the 
Slate  Ridge  church. 

37h.  On  mine  hill  (serpentine  rocks)  about  27  feet  west  of  State 
Boundary  Stone  (date  1774). 

37c.  In  South  Delta.  Over  a  quartz  boulder  in  Wm.  Ramsey's  field 
and  west  of  the  railroad  track  about  400  feet. 

37d.  Dip  circle  placed  directly  on  the  serpentine  rocks  of  quarry 
opposite  railroad  station. 
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37e.  On  the  hill  east  of  track,  near  slate  quarry. 

37f.  About  one-quarter  of  a  mile  west  of  railroad  station  and  near 
the  PennsylTania  line. 

37o.  At  Whiteford  Postoffice.  On  top  of  Mr.  Whiteford's  serpen- 
tine qarry.  According"  to  Mr.  C.  Whiteford,  surveyor,  the  slate  ridge 
runs  about  south  50^  30'  west  and  the  serpentine  rocks  about  parallel 
to  the  slate  ridge. 

37h.  On  the  property  of  Caroline  Flaherty  about  one-quarter  of  a 
mile  north-northeast  of  station  37g. 

37i.  At  Cambria  and  about  one  mile  south  of  station.  Hole  nearby 
from  which  iron  ore  was  obtained  and  which  shows  the  contact  of 
slate  and  sandstones. 

37 J.  Cardiff  schoolhouse  lot.  The  station  is  in  the  back  lot  and  is 
marked  by  a  hole  cut  in  the  largest  gray  stone  sticking  out  of  the 
ground. 

37k.  On  the  property  of  the  Peerless  Slate  Quarry,  about  one  mile 
east  of  Cardiff. 

8.  Ckntebville,  Queen  Anne's  Countt,  1896. — In  the  grounds  of  the 
Centerville  Academy  for  boys,  about  one-eighth  of  a  mile  east  of  court- 
house; 62  feet  south  of  south  corner  of  Academy  and  44  feet  west  of 
young  sycamore  tree.    Soil,  sand   and  clay. 

8a.  Centebvilue,  Quken  Anne's  Countt,  1897. — ^When  establishing  a  true 
west-northwest  and  east-southeast  line  in  1897,  the  station  of  1896  was 
reoccupied.  Station  8a  is  over  the  East-southeast  monument  and  is  sub- 
ject to  artificial  local  disturbance. 

110  and  110a.  Cheltenham,  Prince  Geoboe's  County,  1899. — I.  On  the 
grounds  of  the  Reform  School  about  50  feet  due  north  of  farm  house; 
II.  On  the  grounds  of  the  Reform  School  about  226  paces  west  of  the  old 
Hospital  and  about  1314  feet  south-southwest  of  I;  III.  On  the  grounds 
of  the  Reform  School  about  1641  feet  southwest  of  I  and  about  985  feet 
west-northwest  of  II;  IV.  About  1  mile  magnetically  north  of  the  Re- 
form School  on  the  property  of  the  Barbour  heirs,  at  present  occupied  by 
Mr.  Harrison;  V.  About  IVa  mile  magnetically  south  of  the  Reform  School 
on  the  property  of  Mr.  Wm.  Saccer,  at  present  occupied  by  Mr.  F.  Pea- 
cock; VI.  About  I'/g  mile  magnetically  west  of  Reform  School,  in  the 
third  meadow  from  Mr.  Hill's  house;  VII.  About  1  mile  magnetically  east 
of  Reform  School  in  Mr.  E.  G.  Ellis'  field. 

110b.  Cheltenham,  Prince  George's  County,  1901. — At  the  U.  S.  Coast 
and  Geodetic  Survey  Magnetic  Observatory. 

57  and  57a.  Chestebtown,  Kent  County,  1897. — A  true  northeast-south- 
west line  was  marked  permanently  in  1897  on  the  grounds  of  the  court- 
house. As  there  exists  at  this  place  a  small  artificial  local  attraction 
another  station  (57a),  in  the  grounds  of  Washington  College  was  occu- 
pied in  order  to  obtain  the  corrections  for  the  court-house  station;  57a  is 
the  magnetic  station  adopted. 
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49.  Churchville,  Harford  Couxty,  1897. — In  the  orchard  back  of 
ChurchTille  hotel  owned  by  Laurence  Forwood  and  between  the  first  two 
apple  trees. 

19.  CocKEYSViLLE,  BALTIMORE  CouNTY,  1896. — On  Mr.  Cockey's  property, 
a  large,  open  lot  on  right  of  road  near  stone  bridge.  Station  is  about  500 
feet  west  of  road  and  25  feet  east  of  a  chimp  of  three  willow  trees. 

70.  CoRUNNA,  Garrett  County,  1897  and  1900. — On  Mr.  W.  McCuUoh 
Brown's  estate  south  of  Oakland.  Precise  point  was  over  the  North  monu- 
ment of  the  meridian  line  established  by  L.  A.  Bauer  in  1897. 

35.  Creswell,  Harford  CouirrY,  1896. — About  half-way  between  Creswell 
and  Fountain  Green  on  the  road  to  Belair,  about  one-sixth  of  a  mile  from 
Winchester  crossing  on  a  small  triangular  plat  opposite  Mr.  W.  H. 
Michael's  place;  about  four  miles  from  Belair.    Only  dip  was  observed. 

44.  Crisfield,  Somerset  County,  1896. — In  the  large,  open  lot  west  of  the 

Academy  on  12th  and  Street;   60  paces  from  southwest  corner  of 

Academy  (a  frame  building)  in  a  line  with  rear  side  of  Academy. 

101.  Cross  Roads  I,  Montgomery  County,  1899. — The  station  is  in  a  wheat 
field  belonging  to  Mr.  Trundle  and  occupied  by  Mr.  £.  L.  Hain,  84  paces 
from  nearest  corner  of  tobacco  house  and  48  paces  from  road.  Tobacco 
house  is  330  paces  from  creek. 

106.  Cross  Roads  II,  Montgomery  County,  1899. — The  station  is  located 
in  a  large  open  field  belonging  to  Mr.  B.  R.  Codwise,  39  paces  from  road 
and  195  paces  south  by  southwest  of  a  tree  near  center  of  field. 

23.  Cumberland,  Allegany  County,  1896. — In  the  large,  open  area  on 
Camp  Hill,  north  of  Rose  Hill  Cemetery  and  south  of  Wills  Creek.  To  find 
station,  go  75  paces  along  the  north  iron  fence  of  cemetery,  starting  from 
northeast  corner,  then  75  paces  at  right  angles  towards  Wills  Creek.  Ac- 
cording to  town  map,  this  area  is  subdivided  into  lots  and  streets,  but 
no  sign  of  the  latter  on  the  ground  at  present.  Station  may  have  been 
between  Sedgwick  and  Niagara  Streets.  According  to  the  map  it  is  about 
4667  feet  due  west  of  middle  point  of  Decatur  Street,  on  which  Mosman's 
astronomical  and  magnetic  stations  of  1864  were  located.  Station  is  also 
about  2744  feet  west  of  court-house  and  about  1280  feet  north,  and  may 
possibly  be  over  a  cement  mine.  Site  was  selected  in  the  absence  of  the 
County  Surveyor  by  Thomas  L.  Patterson. 

23a.  Cumberland,  Allegany  County,  1897.— At  the  South  Meridian 
Stone  of  the  County  Meridian  Line  on  the  Poor  House  Farm,  established 
by  L.  A.  Bauer  in  1897.  [For  further  information,  see  the  Allegany  County 
Report,  pp.  253-262.] 

41.  Damascus,  Montgomery  County,  1896.— On  Dr.  Lansdale*s  lot,  18  paces 
from  west  corner  and  42  paces  from  small  house  at  east  corner. 

132  and  132a.  Denton,  Caroline  County,  1900. — Observations  were  made 
over  both  ends  of  the  meridian  line  which  is  located  in  the  court-house 
yard.     The  North  stone,  132a,  is  55  feet  east  of  the  fence  of  the  jail-yard. 
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The  South  stone,  station  132,  is  260  feet  from  the  North  stone  and  2  feet 
north  of  the  edge  of  the  walk  along  the  south  side  of  the  square. 

108.  Derwood,  Montgomery  County,  1899. — This  station  is  on  the  prop- 
erty of  Mr.  W.  W.  Stewart,  occupied  by  Mr.  H.  E.  Clark,  62%  paces  from 
a  cherry  tree  on  the  edge  of  the  road  and  65y2  paces  from  the  northeastern 
corner  of  the  barn  in  field. 

26.  DicKERSON,  Montgomery  County,  1896  and  1900. — Station  of  1896  was 
on  Mr.  Dickerson's  farm  directly  north  of  railroad  depot,  in  the  direction 
towards  Sugarloaf  Mountain,  near  a  clump  of  locust  trees  about  500  feet 
from  depot,  27  paces  west  of  locust  trees  about  18  paces  south  of  wooden 
fence.     The  station  of  1900  is  near  that  of  1896. 

54.  Dublin,  Harford  County,  1897. — The  station  was  in  the  field  back 
of  the  hotel  and  was  purposely  placed  on  the  largest  gabbro  rock  jutting 
out  of  the  ground;  the  desire  being  to  ascertain  the  effect  from  such 
rocks.  It  will  be  seen  that  the  elements  are  disturbed,  the  declination,  for 
example,  being  about  4**  too  high.  The  »urv€j/or  should  make  no  iise  of  the 
values  given  for  this  place. 

7.  Easton,  Talbot  Colt^ty,  1896. — In  the  northeast  corner  of  the  garden 
on  the  east  side  of  Avon  Hotel,  45  feet  west  of  east  wooden  fence,  26  feet 
south  of  north  wooden  fence  and  74  feet  north  of  large  willow  tree.  Soil, 
sand  and  loam.  This  station,  because  of  artificial  local  disturbance,  has 
been  abandoned. 

7a  and  B.  Easton,  Talbot  County,  1897. — When  establishing  the  meri- 
dian line  in  1897.  magnetic  observations  were  made  at  various  points. 
The  station  7a  which  is  located  in  the  Fair  Grounds  outside  the  city  is 
the  one  adopted  in  the  Magnetic  Survey.  Station  7b  is  over  the  monument 
in  the  court-house  grounds  and  is  subject  to  artificial  local  disturbance. 

31.  Ellicott  City,  Howard  County,  1896. — In  the  grounds  back  of  public 
school  up  on  the  hill  near  the  court-house  and  west  of  old  Patapsco  In- 
stitute; 40  paces  back  of  frame  school  building  near  oak  tree  and  7  paces 
north  of  south  wooden  fence. 

3lA  and  b.  Ellicott  City,  Howajid  County,  1900. — Observations  were 
made  on  both  ends  of  the  meridian  line  on  the  grounds  of  the  Patapsco 
Institute  on  the  hill,  a  short  distance  from  the  court-house.  The  north 
stone  (3lB)  is  22  feet  from  the  north  fence  and  88  feet  from  the  west 
fence.     Station  31a  is  over  the  South  stone. 

27.  Elkton,  Cecil  County,  1896. — In  the  south  corner  of  grounds  around 
new  high  school  building  just  nearing  completion;  about  49  paces  from 
the  nearest  edge  of  building,  13  paces  from  fence  in  the  rear  and  11  paces 
from  fence  on  the  side. 

27a  and  b.  Elkton,  Cecil  County,  1900. — The  station  27a  is  the  South 
stone  of  the  meridian  line  in  the  high  school  grounds.  It  is  36  feet  from 
the  west  fence,  34.5  feet  from  the  south  fence  and  about  270  feet  from 
the  north  stone,  station  27b. 
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60.  Fair  Haven,  Anne  Arundel  County,  1897. — On  the  hill  not  far  from 
the  steamboat  landing. 

42.  Forest  Glen,  Montgomery  County,  1896. — On  the  grass  plat  imder 
maple  tree  east  of  road  directly  in  front  of  Catholic  cemetery. 

38.  Forest  Hill,  Harford  County,  1896. — ^In  the  large,  open  lot  of 
Messrs.  E.  Tucker  &  Co.,  west  of  railroad  depot;  200  paces  from  fence 
corner  nearest  the  depot  and  46  paces  east-northeast  of  cherry  tree. 

36.  Fountain  Green,  Harford  County,  1896. — In  large  open  field  on  Mr. 
Grant's  place;  about  200  feet  west  of  store  at  corner  of  road  and  about  25 
feet  from  the  middle  of  the  road  to  Belair;  about  two  miles  east  of  Belair. 
Only  dip  was  observed. 

20.  Frederick,  Frederick  County,  1896.  First  Station. — In  the  southeast 
part  of  the  grounds  back  of  the  State  Deaf  and  Dumb  Asylum.  Marked 
by  two  stakes,  one  ll^  x  1^4  x  8  inches,  and  another  four  feet  west  1/2x2x8 
inches;  the  former  marks  the  station  and  was  driven  flush  with  the 
ground;  the  station  is  26  paces  north  of  the  south  hedge  fence  and  34 
paces  from  southeast  corner  of  hedge  fence.  This  station  is  the  prefer- 
able one. 

20a.  Frederick,  Frederick  County,  Second  Station,  1896. — North  meri- 
dian stone  in  the  grounds  on  the  side  east  of  the  courthouse — subject  to 
artificial  local  disturbance. 

84.  Gaithersburo,  Montgomery  County,  1899. — Same  as  Mr.  Edwin 
Smith's  station  of  1898  and  described  by  him  as  follows:  "  The  station  is 
immediately  in  front  of  Mr.  T.  I.  Fulk*s  farm  house.  The  point  is  marked 
with  a  stone  below  surface  of  ground  with  a  cross  on  it.' 


»» 


84a,  b  and  c.  Gaithersburo,  Montgomery  County,  1899. — The  three  mag- 
netic stations  here  are  on  that  part  of  the  property  of  Mr.  T.  I.  Fulks. 
occupied  by  the  International  Geodetic  Association  for  the  purpose  of 
making  latitude  observations.  Station  I  (84a)  is  northeast  by  east  of  a 
large  chestnut  tree  to  north  of  Observatory  plat  by  96.1  feet,  while  sta- 
tion II  (84b)  is  in  the  same  azimuth  (24*»  01'  W.  of  S.)  with  I  and  ridge 
of  eastern  end  of  roof  of  small  shed  of  Mr.  Johnson  (colored).  Station 
III  (84c)  is  in  line  with  chestnut  tree  about  at  right  angles  to  line  of 
I  and  II  and  about  15  feet  north  of  southern  line  of  plat. 

84d.  Gaithebsburo,  Montgomery  County,  1900-1901. — The  small  magnetic 
house  erected  by  the  U.  S.  Coast  and  Geodetic  Survey  near  the  Inter- 
national Geodetic  Association  Observatory  (see  84a). 

93.  Grantsville,  Garrett  County,  1899. — Near  the  west  corner  of  school- 
house  lot,  opposite  Farmers*  Hotel.  Marked  by  a  cherry  stake,  2x2 
inches  square;  with  brass  screw  in  the  top,  and  having  a  pine  stake 
driven  alongside  as  a  wedge.  This  stake  is  69.25  feet  from  east  corner  of 
schoolhouse  and  32.8  feet  from  second  locust  tree  east  of  gate  of  entrance 
to  school. 
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22.  Hagerstown,  Wasiungton  County,  1896. — In  the  grounds  on  the  east 
side  of  the  Hagerstown  Academy,  down  on  the  slope  near  the  second 
maple  tree  on  the  right-hand  side  of  path  to  railroad  station.  The  tracks 
of  Western  Maryland  railroad  are  about  300  feet  to  the  west  and  those  of 
the  Cumberland  railroad  about  500  feet  to  the  east.  Site  was  chosen  by 
the  County  Surveyor,  Mr.  Piper.  Marked  by  an  ash  stave  which  broke  off 
when  driven.    Limestone  rocks  crop  out  of  the  ground. 

22a.  Hagebstown,  Washington  County,  1900. — The  station  is  the  North 
stone  of  the  U.  S.  Geological  Survey  meridian  line  on  the  almshouse  farm 
about  1%  miles  north  of  the  city.  The  stone  is  296.5  feet  east  of  the 
Bchoolhouse  and  4  feet  south  of  the  fence  line.  The  mark  or  range  used 
was  the  lightning  rod  on  the  square  tower  of  the  almshouse  and  bears 
20**  26.'2  east  of  true  south. 

34.  Harford  Furnace,  Harford  County,  1896. — About  one-fifth  of  a  mile 
from  the  village  along  the  road  to  Belair;  on  Mr.  A.  H.  Strausbaugh's 
farm,  15  paces  from  the  road  and  opposite  "  hay  bag  "  on  Mrs.  Mary  D. 
Walsh's  estate.    Only  dip  was  observed. 

98.  Havre  de  Grace,  Harford  County,  1899. — Station  is  on  the  grounds 
between  the  Havre  de  Grace  light  and  the  light-keeper's  house,  about  in 
line  with  light  and  porch  of  house  and  26  paces  east  of  house.  Precise 
point  is  a  I^-inch  hole  drilled  in  a  solid  stone  flush  with  the  ground,  which 
at  one  time  formed  the  northwest  pier  of  a  small  dwelling.  There  is  a 
similar  stone  7  paces  south,  another  8  paces  east  and  still  another  13 
paces  east. 

51.  Hickory,  Harford  County,  1897. — On  Mr.  Thomas  Poole's  field,  oppo- 
site Mrs.  A.  C.  Grafton's  millinery  store  and  33  paces  from  the  road.  Only 
the  dip  was  observed. 

52.  Highland,  Harford  County,  1897. — In  the  field  south  of  the  Presby- 
terian Church. 

109.  HiTVTiNG,  Hill,  Montgomery  County',  1899. — Station  is  on  the  wheat 
field  of  Mr.  I.  B.  Ward  north  of  road,  280.2  feet  from  northeast  comer  of 
Mr.  Ward's  store  and  381  feet  from  southwest  corner  of  his  barn  and 
stable. 

11.  HuRLOCK.  Dorchester  County,  1896. — Directly  in  front  of  frame 
schoolhouse  on  the  right-hand  side  of  road  to  East  Newmarket;  "^icar  the 
road.     Soil,  sandy. 

48.  Hydbs,  Baltimore  County,  1897. — On  Mr.  Hyde's  tract  back  of  garden 
behind  the  store  and  railroad  office,  about  125  paces  west  of  railroad 
track. 

64.  Kent  Island,  Queen  Anne's  County,  1897.— Near  the  so-called  South 
Base  station  of  1845  (see  pp.  490  and  505,  First  Report).  The  1897  station 
is  in  the  field  west  of  old  dwelling  house  on  the  old  Price  farm.  The  farm 
Is  now  owned  by  the  National  Bank  of  Centerville  and  the  present  tenant 
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is  Mr.  Palmer.  The  precise  point  is  100  paces  southwest  of  present  en- 
trance to  dwelling-house,  39  paces  from  southwest  corner  of  garden 
fence  and  45  paces  north  of  row  of  three  pear  trees.  The  site  of  the 
monument^  marking  the  South  Base  station  in  1845  is  now  about  ^  or  % 
mile  in  the  Chesapeake  Bay. 

65.  Kent  Island,  Stevensville,  Queen  Anne's  County,  1897. — In  the  field 
of  the  brick  church  opposite  Lowry's  Hotel,  75  paces  in  direction  of  cherry 
tree.  Tent  stake  was  left  standing.  On  account  of  rain  no  meridian 
could  be  determined,  hence,  the  magnetic  declination  was  not  obtained. 

3.  La  Plata,  Chables  County,  1896  and  1897. — In  the  northwest  corner 
of  new  court-house  grounds,  40  feet  southeast  of  northwest  corner-stone 
of  lot  and  28  feet  south  of  locust  (?)  tree  and  49  paces  northwest  of  north- 
west corner  of  new  court-house  just  nearing  completion.  Marked  by  an 
oak  stub  with  a  brass  screw.  There  was  no  fence  around  the  lot  at  this 
time.     Soil  sandy. 

When  establishing  the  meridian  line  in  1897  in  the  west  grounds  of  the 
court-house  yard,  observations  were  made  at  various  points  and  no  ap- 
preciable local  attraction  found.  The  adopted  station  is  the  South  monu- 
ment. The  1896  station  is  now  covered  by  a  wooden  fence  surrounding 
the  grounds. 

6.  Leokabdtown,  St.  Maby's  County,  1896. — In  the  southwest  corner  of 
the  court-house  lot,  92  feet  from  southwest  corner  of  court-house  and 
23%  feet  from  southwest  corner  post  of  wooden  fence.  Soil,  sand  and 
loam. 

6a.  Leonakdtown,  St.  Maby's  County,  1900. — The  station  is  the  South 
end  of  the  meridian  line  in  the  court-house  square.  It  is  9  feet  from  the 
wooden  fence  on  south  side  and  9  feet  from  west  wooden  fence.  The 
North  stone  is  about  300  feet  distant. 

[*  The  granite  pillar  marking  the  South  Base  geodetic  station  when  it 
was  on  the  point  of  being  washed  away  was  removed  by  Mr.  Alfred  Price 
and  put  in  his  front  yard  and  used  as  a  carriage  step.  In  1897  I  found  it 
still  there,  the  inscription  on  one  side  being  **  U.  S.  Survey  of  the  Coast," 
on  the  other  the  date  "  1844  "  is  given.  The  copper  plug  in  the  top  had 
been  removed  by  someone  and  the  top  of  the  stone  mutilated,  a  corner 
being  broken  off.  I  also  found  a  large  slate  stone  with  a  copper  bolt  in 
the  center  which  was  being  used  as  a  kitchen  step.  Likewise  as  a  step  to 
the  front  entrance  (porch)  was  a  small,  smooth  granite  stone  about  10-13 
inches  square  at  the  base  and  the  top  tapering  to  a  point.  The  apex  of 
the  stone  was  turned  down  and  the  flat,  bottom  side  used  as  the  step. 
Height  of  stone  was  about  10  inches.  Mr.  Norman,  65  years  of  age,  told 
me  that  he  sat  on  the  S.  B.  stone  in  1860  waiting  for  the  "  Great  Eastern  " 
to  come  up  the  Bay.  The  stone  was  then  about  25  yards  from  the  water. — 
L.  A.  B.,  July  19,  1897.] 
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61.  LAfKCU  Pboce  Globge's  CorTTTT.  1S9C. — In  the  field  bejond  iron 
brid^.  aboat  >;  mile  from  depot  and  soath  of  first  house  bejond  brid^. 
Xo  deeKnation  obserrations  were  obtainable  because  of  cloudT  ireather. 

9ff.  LrBunriTowy.  Frederick  Cottstt,  1S99. — In  the  large  lot  back  of 
sehoolhonse  opposite  Liberty  Hotel.  The  precise  point  is  marked  by  a 
solid  stub  167.9  feet  from  north  front  of  schoolhoase,  46.35  feet  from 
northwetict  comer  of  small  house.  33.33  feet  from  east  fence,  and  25.5  from 
line  of  locust  trees  on  the  west  side. 

1.  Lnn>Er,  Ba:se  Station.  Mo.ttgomekt  CocTmr.  1S96-1901. — In  the  middle 
of  Professor  M.  H.  Doolittle's  rear  garden,  94.1  feet  northwest  of  north- 
east comer  of  frame  dwelling-honse  and  S4-1  feet  northeast  of  northwest 
comer  of  same  house.  Station  w^is  marked  originally  by  a  brass  screw  in 
a  2^  X  4*  X  2^^'  yellow  pine  stub  projecting  four  inches  abore  ground.  The 
primary  azimuth  mark  was  the  extreme  tip  of  the  ChcTy  Chase  standpipe, 
three. miles  distant;  subsequently,  because  of  growth  of  trees  hiding  mon- 
ument from  Tiew.  a  secondary  mark  had  to  be  utilized. 

This  important  station  was  permanently  marked  in  1S97  by  a  sandstone 
post.  6x6  inches  square  projecting  out  of  the  ground  about  six  inches. 
A  small  hole  drilled  in  the  middle  of  the  stone  marks  the  precise  point. 

lA.  Lna>E?f.  Mo^TTGOUERT  Cor^TTY,  1S96. — In  large  vacant  lot  back  of 
base  station;  about  300  paces  nearly  due  north  of  base  station.  34  feet 
north  of  fence  of  Dr.  Wright's  Sanitarium  and  44  feet  southeast  of  the 
stile.     Xow  (1901)  the  site  is  occupied  by  houses. 

^5.  LiSBOX,  Howard  Cou^mr,  1S99. — Xear  the  southwest  corner  of  school- 
house  lot;  a  graveyard  adjoins  the  lot.  The  precise  point  is  19.3  feet 
from  the  west  fence  (wood),  23.6  feet  from  the  south  fence  (wood)  and 
79 J3  feet  from  the  southwest  comer  of  schoolhouse,  a  frame  one-story 
building. 

83.  LojTACOMXG,  Allegaxy  Couxty.  1S9S. — In  the  south  part  of  baseball 
field  south  of  Maryland  Coal  Company's  office.  The  precise  point  is 
marked  by  a  locust  stake  and  can  be  pointed  out  by  Mr.  F.  E.  Brackett, 
Superintendent  of  the  Coal  Company. 

88.  Manchester,  Carroll  County,  1S99. — In  the  lot  back  of  the  school- 
house  and  the  Methodist  Church;  37  feet  east  of  large  cherry  tree  and 
104.3  feet  from  northwest  corner  of  schoolhouse.     Marked  by  a  tent  peg. 

68.  Maryland  Heights.  Washington  County,  1S97. — At  extreme  southern 
end  of  fort,  in  a  small  open  space  at  end  of  path  leading  south  from 
highest  point  of  fort.  [It  was  not  easy  to  find  the  old  C.  &  G.  S.  station 
of  1870  (see  pp.  490  and  505,  First  Report).  .According  to  present  indica- 
tions it  would  seem  to  fall  in  a  thicket  of  trees.  I  therefore  chose  the 
best  site  available  at  the  time. — L.  A.  B.,  July  27-'97.] 

68a.  Maryland  Heights,  Hughes  Farm,  Washington  County,  1897. — In 
the  little  apple  orchard  back  of  Mr.  Hughes  house,  46  feet  in  line  with 
south  garden  fence  and  42  feet  from  west  garden  fence. 
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9.  Massey,  Kent  Couwty,  1896. — On  the  north  side  of  road  to  Clayton 
near  small  schoolhouse,  about  one  mile  from  railroad  station;  121  feet 
north-northwest  of  northwest  comer  of  schoolhouse. 

91.  McHenry,  Gakrett  CouirrY,  1899. — Over  red  sandstone  rock  in  lot 
south  of  frame  schoolhouse,  directly  north  of  Mr.  Brison  Welshes  house. 
The  point  is  marked  by  a  Vi-iiich  hole  drilled  in  the  rock  57.7  feet  from 
southwest  comer  of  schoolhouse  and  66.8  feet  from  southeast  comer. 

5.  M£CHAiac8YiLLE,  St.  Maby's  County,  1896. — In  the  garden  of  Hotel 
Mattingly,  18  feet  northeast  of  mulberry  tree  and  9l^  feet  west  of  wooden 
fence.    Dip  station  SVa  feet  north  of  mulberry  tree.    Soil,  sand  and  loam. 

104.  MiDDLEBROOK,  MONTGOMERY  CouNTY,  1899. — The  Station  is  on  the 
property  of  Mr.  J.  T.  Buxton  to  the  east  of  the  road  to  Gaithersburg  and 
37  and  67  paces  respectively  to  the  south  of  old  chimney  of  the  ruins  of  a 
house  built  m  1800,  and  from  chimney  of  present  house. 

53.  Minefield,  Harford  County,  1897. — Near  Eigdon*s  abandoned  iron 
ore  mines.  The  purpose  of  making  observations  at  this  disturbed  place 
was  to  ascertain  the  amount  of  disturbance. 

94.  New  Germany,  Garrett  County,  1897. — On  Mr.  J.  C.  Otto's  farm;  in 
the  meadow  about  300  feet  east  of  house  and  about  25'  yards  east  of 
garden.  Precise  point  is  marked  by  a  %-inch  hole  drilled  in  large  flat 
sandstone  sticking  out  of  the  ground.  There  is  another  stone  about  10 
feet  west. 

24.  Oakland,  Garrett  County,  1896. — In  the  lot  back  of  new  public 
school,  60  paces  north  of  latter,  20  paces  from  east  board  fence,  16  paces 
east  of  oak  tree  along  west  fence  and  17  paces  southwest  of  large  oak 
tree  near  north  fence. 

24a.  Oakland,  Garrett  County,  1897. — In  the  court-house  yard  over  the 
South  monument  of  the  meridian  line  established  by  L.  A.  Bauer  in  1897. 

12.  Ocean  City,  Worcester  County,  1896. — Near  Life  Saving  Station,  200 
paces  north  and  200  paces  west,  in  large,  open,  sandy  area  north  of  Bruce 
Cottage,  northeast  of  schoolhouse,  between  Baltimore  and  Philadelphia 
Avenues. 

59.  Oxford,  Talbot  County,  1897. — The  station  was  on  the  beach  in  front 
of  Sinclair's  Hotel  and  is  near  Mr.  Schott*s  station  of  1856  (see  First  Re- 
port, pp.  490  and  506). 

97.  Pahkton,  Baltimore  County,  1897. — On  top  of  the  hill  west  of  the 
railroad  station  and  over  the  first  boundary  stone  marking  the  property 
of  the  railroad  company.  This  boundary  stone  is  on  the  hill  about  20 
yards  north  of  wooden  fence  leading  up  the  hill. 

18.  Pabsonsburo,  Wicoiaco  County,  1896.— In  open  lot,  170  paces  south  of 
Baltimore,  Chesapeake  and  Atlantic  railroad  station;   lot  owned  by  pro- 
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prietor   of    saw-mill  opposite   station.    Soil,   black   clay.    Natural  gas   in 
vicinity. 

15.  PoooxoKE  City,  Woboebteb  County,  1896. — ^In  the  northeast  part  of 
the  gTonnda  about  the  Academy;  36  paces  west  of  Academy,  11  paces  west 
of  east  hedge  fence  and  25  paces  south  of  north  hedge  fence. 

25.  Point  of  Rocks,  Fbedebick  County,  1896. — About  one-sixth  mile  to 
the  west-northwest  of  Junction  Depot  on  the  knoll  on  Mr.  E.  W.  Mercer*s 
property  back  of  Mr.  H.  B.  Carter's  house  to  the  west  of  depot.  Site  of 
former  ore  mines,  ore  being  found  40-60  feet  below  ground.  East  of  sta- 
tion is  a  sunken  shaft  of  an  abandoned  ore  mine;  station  is  15  paces  west 
of  bank  of  this  shaft  and  8  feet  south  of  a  projecting  boulder. 

16.  Pbinckss  Ai^e,  Somebset  County,  1896. — In  the  southeast  part  of  the 
spacious  grounds  around  the  new  high  school  building;  62  paces  south- 
east of  entrance  to  school,  40  paces  north  of  large  oak  tree  in  southeast 
corner  of  lot,  10  paces  west  of  east  fence.  These  grounds  have  been  the 
site  of  a  schoolhouse  for  about  100  years. 

16a  and  B.  Pbincesb  Anns,  Somebset  County,  1900. — Obserrations  were 
made  over  both  ends  of  the  meridian  line  which  is  located  in  the  high 
school  grounds.  The  South  stone,  16a,  is  55  feet  from  the  south  fence, 
95  feet  from  the  east  fence  and  about  350  feet  from  the  North  stone,  16b. 

28.  Pbince  Fbedebick,  Calvebt  County,  1896. — In  the  g^^ounds  of  the 
court-house,  between  its  southwest  corner  and  small  frame  building  oc- 
cupied at  the  time  by  a  shoemaker;  15  paces  north  of  latter  building  and 
25  paces  due  east  of  wooden  structure  used  as  a  jail.  The  road-bed  of 
proposed  Drum  Point  railroad  is  about  200  feet  to  the  west. 

28a  and  b.  Pbince  Fbedebick,  Calvebt  County,  1900. — Observations  were 
made  over  both  ends  of  the  meridian  line  located  in  the  court-house 
square.  The  South  stone,  28a,  is  13.8  feet  from  the  south  fence,  33.3  feet 
from  the  east  fence  and  about  200  feet  from  the  North  stone,  28b. 

110.  Quince  Obchabd,  Montgomery  County,  1899. — This  station  is  in  the 
field  of  Mr.  John  T.  Higden,  north  of  road,  116  paces  from  a  small  apple 
tree  at  the  road  fence  and  67  paces  from  corner  of  fence  to  the  west. 

107.  Kedland,  Montgomeby  County,  1899. — ^This  station  is  near  the  road 
in  an  open  field  belonging  to  Mr.  Thomas  F.  Cashell,  136  paces  from  large 
oak  tree  in  middle  of  field  and  46  paces  measuring  in  line  of  large  cherry 
tree  on  the  side  of  road  to  fence. 

87.  Reistebstown,  Baltimobe  County,  1899. — In  the  large  open  field  west 
of  the  Franklin  School. 

10.  RiDGELY,  Caboline  County,  1896. — On  the  grounds  in  the  rear  of 
frame  schoolhouse,  corner  First  Street  and  First  Avenue  west;  53  feet 
west  of  southwest  corner  of  rear  extension  of  schoolhouse  and  31^1^  feet 
east  of  young  maple  tree.    Soil,  sand,  clay  and  gravel. 
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100.  Rising  Sun,  Cecil  County,  1899. — Station  is  in  Mr.  H.  J.  Briscoe^s 
field  near  the  north  comer  of  fence  and  east  of  railroad  station.  Precise 
point  was  marked  by  a  tent  peg. 

62.  KocKviLLE,  Montgomery  County,  1897. — In  middle  of  field  back  of 
court-house  owned  by  Mr.  Babbitt  and  leased  by  Mr.  Poss  who  keeps  a 
livery  stable. 

62a.  Bockville,  Montgomeby  County,  1900. — Observations  were  made 
over  the  South  meridian  stone  in  the  Academy  grounds  distant  41  feet 
from  the  south  fence  and  93  feet  from  the  west  fence.  The  North  meri- 
dian stone  is  21.5  feet  from  the  north  fence  and  96  feet  from  the  west 
fence. 

17.  Salisbury,  Wicomico  County,  1896.  First  Station. — On  the  gn^ounds  in 
front  of  the  court-house;  on  the  right-hand  side  of  walk  to  entrance  of 
court-house,  about  14  feet  south  of  south  edge  of  this  walk  and  20  feet  east 
of  east  edge  of  pavement.  Brick  buildings  rather  close.  The  second  station 
should  be  given  preference. 

17a.  Salisbury,  Wicomico  County.  Second  Station. — On  the  grounds  of 
Mr.  Thomas  Humphreys,  attorney-at-law,  about  175  yards  southeast  of  the 
court-house  on  the  opposite  side  of  **  Lake  "  Humphreys.  This  is  the  site 
of  the  county  meridian  line  established  in  1896.  Observations  were  made 
over  the  South  monument  and  likewise  16  feet  east  of  North  monument. 
Site  was  chosen  by  Mr.  Peter  Shockley,  County  Surveyor. 

55.  ScARBORO,  Harford  County,  1897. — In  the  field,  south  of  Mr.  Halley's 
store;  only  the  dip  was  observed. 

67.  Seneca,  Montgomery  County,  1897. — In  the  large  field  belonging  to 
Mr.  John  West,  and  northeast  of  crossing  of  Canal  over  Seneca  Creek. 
The  station  is  150  paces  from  the  road  and  northeast  of  Mr.  George  Good's 
house  and  near' the  south  one  of  the  two  oak  trees. 

67a.  Seneca,  Montgomery  County,  1899. — ^This  station  is  on  the  wheat 
field  of  Mr.  H.  West  near  the  point  where  the  Chesapeake  and  Ohio  Canal 
crosses  Seneca  Creek,  being  several  hundred  feet  removed  from  each  of 
these,  84  paces  east  of  a  large  walnut  tree  and  97  paces  southwest  of  a 
post  near  the  corner  of  the  field. 

14.  Snow  Hill,  Worcesteb  County,  1896. — In  the  southwest  comer  of  the 
court-house  lot;  61.8  feet  from  southwest  corner  of  court-house,  6^^  feet 
west  of  large  sycamore  tree.  Soil,  sand^'.  No  fence  around  the  lot, 
simply  a  stone  curb.  Station  is  21.2  feet  north  of  south  curb  and  15.2  feet 
east  of  west  curb.  The  station  was  too  near  to  buildings  and  has  there- 
fore been  abandoned. 

14a  and  B.  Snow  Hill,  Wobcester  County,  1900. — Observations  were  made 
over  boHi  the  meridian  stones  of  the  meridian  line  which  is  located 
in  the  circular  race-track  just  east  of  the  town  and  the  railway  station. 
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The  South  stone,  14a,  is  135  feet  north  of  the  south  fence  and  295  feet 
east  of  the  west  fence  of  the  race-track  property.  The  North  stone,  14b, 
is  about  300  feet  from  the  South  stone. 

39.  Stabler,  Montgomery  County,  1S96. — On  Mr.  Warwick  P.  Miller's 
farm,  near  Spencerville,  in  the  open  field  between  Mr.  Miller's  dwelling- 
house  and  that  of  Mr.  Asa  Stabler.  This  station  was  established  in  1S69 
by  Mr.  C.  O.  Boutelle,  Assistant  of  the  Coast  and  Geodetic  Survey,  and  is 
marked  by  a  hole  drilled  in  a  large  quartz  bowlder  projecting  slightly 
above  the  ground.  With  the  aid  of  Mr.  Miller,  who  had  assisted  Mr.  Bou- 
telle, the  identical  spot  was  found  in  1896.  The  trigonometrical  station  is 
232  metres  (761  feet)  nearly  due  south  of  magnetic  station,  is  marked  by 
five  stone  monuments  j)rojecting  a  few  inches  above  the  ground.  The 
bearing  of  the  central  monument  from  the  magnetic  station  was  4**  53.'3 
west  of  south,  according  to  Mr.  Boutelle.  In  1896  Mr.  L.  A.  Bauer,  from  a 
single  solar  azimuth  observations,  found  the  same  bearing  to  be  4°  53.'6. 

95.  SwANTON,  Garrett  County,  1S99. — In  the  southeast  corner  of  garden 
in  front  of  Mr.  W.  H.  Lohr's  frame  dwelling  used  as  a  boarding-house. 
Precise  point  is  marked  b^'  a  nail  in  a  stake  driven  in  an  old  stump. 

86.  Sykesville,  Carroll  County,  1899. — The  station  is  in  the  large  open 
field,  about  300  feet  back  of  the  new  brick  school. 

89.  Tanbttown,  Carroll  County,  1899. — In  the  yard  back  of  Professor 
Henry  Meier's  Academy;  307  feet  from  west  fence,  19.2  from  east  fence 
and  62.8  from  north  corner  of  small  frame  house.  Professor  Meier  pro- 
posed to  mark  the  station  permanently. 

50.  Thomas  Run,  Harford  County,  1897. — On  the  farm  of  Major  Cald- 
well of  Baltimore  City,  leased  at  present  by  Mr.  John  Lochary;  30  paces 
from  the  fence  along  main  road  and  opposite  the  blacksmith's  shop. 

45.  Tilghman  Island,  Talbot  Col-nty,  1897. — In  Mr.  B.  B.  Sinclair's  field 
back  of  Mrs.  Lee's  hotel  about  1  mile  nearly  north  of  the  landing  of  the 
Baltimore,  Chesapeake  and  Atlantic  railway  steamers;  about  20  paces 
east  of  Mrs.  Lee's  back  fence  and  same  distance  south  of  road  on  the 
north  side  of  Mrs.  Lee's  grounds.  The  island  is  about  Vi  mile  wide  at 
this  point  and  the  station  is  just  about  midway.  The  steamboat  land- 
ing is  on  the  east  side  of  the  Island. 

58.  ToLCiiBSTER,  Kent  County,  1897.— In  the  race-track  field  back  of  the 
picnic  grounds. 

47  and  47a.  Towson,  Baltimore  County,  1897. — ^In  the  ample  grounds 
on  the  west  side  of  the  court-house.  A  meridian  line  was  established  at 
the  time  and  marked  by  substantial  granite  posts.  The  observations  were 
made  over  these  posts,  the  north  one  being  station  47  and  the  south  one, 

47a. 
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40.  Unity,  Montgomery  County,  1896. — In  the  lot  back  of  stable  adjacent 
to  Mr.  Water's  store,  rented  at  present  by  Mr.  Schwartz;  26  paces  east  of 
Mr.  Schwartz's  milk-house  and  50  paces  southwest  of  Mr.  Clay  Brown's 
brick  house. 

2.  Upper  Marlboro,  Prince  George's  County,  1896. — In  the  southeast 
corner  of  the  court-house  grounds,  down  in  the  hollow;  13.9  feet  west  of 
maple  tree  and  88  feet  from  southeast  corner  of  court-house;  marked 
by  a  round  lV4-inch  pine  stub  with  a  brass  tack.  Soil,  sandy.  Dip  was 
observed,  18  feet,  magnetic  north-northeast  of  main  station. 

2 A  and  B.  Upper  Marlboro,  Prince  George's  County,  1900. — The  South 
meridian  stone,  2a,  is  in  the  Academy  grounds  75  feet  from  the  front 
door  of  the  Academy  building  and  58  feet  from  the  fence  on  the  street. 
The  North  meridian  stone,  2b,  is  also  in  the  grounds  of  the  Academy, 
on  the  edge  of  the  bluif.  From  the  South  stone  the  cupola  of  the  South- 
ern Maryland  Bank  bears  42**  58'  east  of  true  south. 

103.  Waring,  Montgomery  County,  1890. — Station  is  located  in  wheat 
field  of  the  Waring  heirs,  near  the  ruins  of  a  dwelling  destroyed  by  fire, 
some  330  feet  from  the  public  road  and  500  feet  from  fence  along  railroad 
cut,  about  in  line  with  western  fence  of  garden  plot  and  110  feet  distant 
from  large  thorn  tree  in  northwest  corner  of  garden. 

63.  Webb.  Anne  Arundel  Coihs'ty,  1897.— Xear  the  1897  scaffold  of  the 
triangulation  station,  about  94^4  feet  southeast  from  granite  post  marking 
the  station.  This  is  near  the  site  of  Boutelle's  magnetic  station  of  1868 
(see  First  Report,  pp.  490  and  508). 

71.  Westernport.  Allegany  County,  1897. — The  station  is  on  north  side 
of  hill  along  road  leading  down  the  river  from  West  Virginia  Central  rail- 
road station  and  about  100  yards  east  of  last  house. 

21.  Westminster,  Carroll  County,  1S96. — In  the  grounds  back  of  court- 
house about  22  paces  west  of  back  entrance  near  edge  of  pavemout.  Site 
not  a  good  one  and  accordingly  has  been  abandoned. 

2lA  and  B.  Webtminster,  Carroll  Oounty,  1900. — Observations  were 
made  over  both  ends  of  the  meridian  line  located  in  the  grounds  of  the 
Western  Maryland  College,  about  one  mile  north  of  the  court-house.  The 
South  stone,  21a,  is  in  the  athletic  grounds  60  feet  from  a  garden  fence 
and  65  feet  from  a  small  wooden  stable.  The  North  stone,  21b,  is  near 
the  northern  boundary  of  the  college  property.  From  the  South  stone 
the  spire  of  the  German  Reformed  church  bears  12°  35'  west  of  true  north. 

46.  Woodstock,  Howard  County,  1S97. — Tn  the  grounds  of  the  Wood- 
stock College  directly  in  front  of  the  main  building,  near  the  tennis 
courts;  30  feet  south  of  elm  tree  and  marked  by  a  broken  tent  peg.  Ob- 
servations for  magTietlc  declination  were  not  obtainable. 
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WEsTEXS  BOL3DABT  OF  MAKYULXD  STATIONS  OF  1S97.    ALOXG  THE 

'•  FAIRFAX  "    MERIItlAX    LDTE. 

72  and  T2a.  Fairfax  Stoxe. — ^This  stone  was  the  initial  point  of  the 
Michler  surrev  of  the  Western  Boundary-  Line  and  is  situated  at  one  of 
the  head  spring?  of  the  North  Branch  of  the  Potomac  river.  The  original 
Fairfax  Stone  planted  in  1745  has  disappeared  since  the  Michler  surrey 
(l55{>)  and  instead  is  a  monument  abont  three  to  four  feet  high,  which 
Lieut.  30chler  stated  he  placed  directly  behind  the  Fairfax  Stone  and 
used  as  a  pier  for  his  instrument.  The  magnetic  observations  were  made 
part  It  a  few  feet  north  of  the  stone  but  mainly,  however,  at  a  point  463 
feet  north  (72a). 

7.;.  Camp  Faibfax. — Near  the  bam  on  Mr.  Patrick  Flynn's  farm  situated 
east  of  the  Michler  line  and  between  the  Fairfax  and  the  Backbone  monu- 
ments. 

74.  Backboxe  Mout^taix. — On  the  summit  of  the  Backbone  or  Big  Sav- 
age Mountain  near  the  Michler  monument,  a  monument  built  of  dressed 
stones  and  about  4  feet  high.  The  precise  point  was  about  II  feet  south 
of  the  monument,  which  is  about  15.000  feet  north  of  the  Fairfax  Stone 
and  approximately  3323  feet  above  sea-level. 

77.  Lower  Hn.T> — ^.V  few  feet  north  of  stone  with  a  copper  bolt  in  it, 
projecting  about  a  foot  above  the  ground,  the  stone  having  been  planted 
by  L.  A.  Bauer  in  IS97  to  mark  his  meridian  line.  A  few  feet  east  is  a  pile 
of  stones  placed  my  Lieut.  Michler  in  1S59. 

78.  SXAGGT   MouxTAix. — ^The   magnetic    station   is    marked    by    a   hole 
drilled  in  a  rock  78.85  feet  nearly  north  of  Michler  monument. 

80.  Fire's  Hill. — ^The  magnetic  station  was  30  feet  a  little  west  of  north 
from  the  Michler  monument. 

82.  Masox  axd  Dixox. — The  magnetic  observations  were  made  at  a  point 
in  the  field  273  feet  north  of  the  Michler  monument,  which  marks  the 
intersection  of  the  Michler  meridian  line  with  the  Pennsylvania  or  Mason 
and  Dixon  line. 
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"  POTOMAC  ''    MERIDIAN    LINE. 

75.  Camp  Potomac. — On  the  Backbone  Mountain  where  it  is  crossed  by 
the  meridian  line  traced  by  L.  A.  Bauer  in  1S97  which  starts  at  the  Po- 
tomac Stone  placed  by  W.  McCuUoh  Brown  in  1S97.  The  precise  point  is 
49.6  feet  north  of  the  Potomac  Stone.  The  Potomac  meridian  is  one  and 
one-eighth  miles  west  of  the  Fairfax  meridian. 
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76.  Foley  Mountain. — Near  Brookside,  W.  Va.  The  station  is  on  the 
top  of  the  mountain  in  the  clearing  for  the  meridian  line  22.05  feet,  35* 
01/2  west  of  north  from  L.  A.  Bauer's  meridian  station. 

79.  Taylor's  Hill. — The  magnetic  station  is  51.3  feet  north-northwest 
of  meridian  station. 

81.  FiKE*8  Hill. — ^North  of  a  large  flat  rock  at  north  end  of  clearing  for 
the  meridian  line. 

Descriptions  of  Recent  Magnetic  Stations  in  the  Vicinity  of 
Maryland  occupied  by  the  U.  S.  Coast  and  Geodetic  Survey. 

delaware. 

6.  Bombay  Hook,  Kent  County,  1899. — Station  is  in  cornfield  on  beach 
in  line  of  Duck  Creek  Light  and  Woodland  Beach  Hotel  buildings,  about 
500  feet  south  of  a  stunted  tree  near  hightide  line  and  about  %  mile  from 
hotel.  The  ground  is  owned  bj  the  Smith  heirs  and  has  been  occupied 
for  some  time  bj  a  colored  man,  Samuel  F.  Loatman.  This  position  is 
in  the  near  neighborhood  of  the  station  occupied  by  Locke  in  1846. 

1.  Daobbobo,  Sussex  Col^ty,  1899. — Station  is  quite  close  to  old  sta- 
tion of  1856  occupied  by  Mr.  C.  A.  Schott  of  the  U.  S.  Coast  and  Geodetic 
Survey,  being  110  yi^ds  back  of  road  on  a  line  at  right  angles  to  road  be- 
tween second  and  third  house  from  Lingo  to  Lingo's  store  and  about  100 
yards  back  of  peach  tree  on  said  line  and  pointed  out  as  the  site  of  hotel 
owned  by  Mr.  Smith  ^  and  500  yards  north  of  Pepper  Creek  Ditch  bridge. 
Property  is  owned  by  Mr.  R.  D.  Lingo. 

4.  Habbinoton,  Kent  County,  1899. — Station  is  in  northwest  corner  of 
white  public  school,  being  south  of  north  fence  by  19.6  feet  and  distant 
from  northwest  corner  post  28.6  feet.    Precise  point  is  marked  by  a  tent 

peg. 

7.  Newabk,  New  Castle  County,  1899. — Station  is  on  farm  of  the  Lewis 
heirs,  three-quarters  of  a  mile  from  depot  and  occupied  by  Mr.  E.  M. 
Lewis.  It  is  south  of  Delaware  Avenue,  about  350  feet,  and  east  of  South 
College  Avenue,  about  400  feet.    Precise  point  is  shown  by  a  stake. 

2.  Seafobd,  Sussex  County,  1899. — Station  is  in  public  school  lot,  35.9 
feet  from  west  fence  and  52.9  feet  distant  from  south-west  comer  post. 
Precise  point  is  marked  by  tent  peg. 

VIROINIA. 

33.  AocoMAC,  AccoiCAC  CoiTNTY. — Station  is  in  a  large  open  lot  just  west 
of  the  court-house  square,  near  the  southern  edge  of  same  and  near  the 

^Tfiis  hotel  is  referred  to  in  Mr.  Schott*s  description  of  old  station. 
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road.  It  is  marked  by  a  heavy  granite  post  lettered  U.  S.  C.  S.,  with  small 
copper  bolt  marking  point.  Post  projects  above  ground  by  4  inches  and 
is  the  southern  one  of  two  marking  the  meridian. 

35.  Charlottesville,  Albemarle  County. — Station  is  near  north  end  of 
Athletic  grounds  of  the  University  of  Virginia;  it  is  nearly  south  27 
meters  from  granite  post  lettered  U.  S.  C.  S.  and  in  line  with  it  and  first 
chimney  visible  to  the  right  of  the  University  Museum  and  just  appearing 
above  the  surface  of  the  ground  under  the  trees  in  the  University  grounds. 

39.  Cherbydale,  Alexandria  County. — Station  is  near  residence  of  Mr. 
E.  D.  Preston  of  the  Coast  and  Geodetic  Survey,  being  about  140  feet  east 
of  same. 

31.  Christiansbubo,  Montgomeby  County. — Station  is  near  summit  of 
the  ridge  just  south  of  the  railroad  station  and  near  road  or  lane  which 
extends  up  the  ridge  from  a  point  about  100  meters  east  of  the  railroad 
station  and  about  20  feet  from  north  meridian  stone  in  the  line  of  Pres- 
byterian white  church  spire  west  of  court-house. 

36.  CULPEPEB,  CULPEPEB  CouNTY. — Station  is  located  in  the  Southern 
railroad  stock-yards  about  14  mile  east  of  the  town  of  Culpeper  and 
north  of  the  Southern  railroad  tracks.  Station  is  slightly  north  of  the 
summit  of  the  ridge  which  is  a  little  south  of  the  center  of  the  lot  and 
ifi  17  meters  east  of  a  granite  post  marked  U.  S.  C.  S. 

37.  Fairfax,  Faibfax  County. — Station  is  located  near  the  southwest 
corner  of  the  grounds  surrounding  the  court-house  and  other  county 
buildings;  it  is  marked  by  a  granite  post  6"  x  6"  on  its  top  lettered  U.  S. 
C.  S.  read  looking  north. 

29.  Leesbubo,  Loudoun  County. — Station  is  in  the  north  end  of  the  play- 
ground on  the  west  side  of  the  Leesburg  Academy — nearly  due  north  of 
the  building;  about  20  feet  from  the  fence  north  and  60  feet  from  fence 
east. 

32.  BiCHicoND,  Henbico  County. — Station  is  in  "  New  Reservoir  Park,"  in 
southwestern  section  of  the  city  near  the  river,  in  open  space  just  south 
of  the  Lake;  marked  by  a  heavy  granite  post  sunk  5  feet  into  the  ground, 
top  dressed  4  inches  square,  marked  U.  S.  C.  S.,  with  a  small  copper  bolt 
marking  the  point.  Post  projects  above  ground  by  4  inches  and  is  the 
southern  one  of  the  two  marking  the  meridian. 

20.  Round  Hill,  Loudoun  County. — Station  is  in  pasture  field  of  Mr. 
Lodge,  who  owns  the  store  nearest  to  the  depot.  Field  is  on  north  side 
of  the  railroad,  and  station  is  to  north  of  field  about  33  feet  south  of  the 
stone  fence  and  246  feet  northwest  of  flour  mill.    Marked  by  a  locust  stub. 

38.  Woodstock,  Shenandoah  County. — Station  is  located  near  the  north 
end  of  lot  within  the  race-track  at  the  fair  grounds  and  13  meters  from 
north  meridian  stone  marked  U.  S.  C.  S.  on  a  line  28°  south  of  west. 
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9.  Aldebson,  Monroe  County. — Station  is  located  on  grounds  of  the 
Allegheny  Collegiate  Institute  on  the  south  side  of  High  Street,  between 
Church  and  Monroe  Streets;  it  is  marked  by  a  sandstone  post  projecting 
3  or  4  inches  above  the  ground  and  the  precise  point  is  marked  by  a  cop- 
per bolt. 

12.  Bev^ly,  Eandolph  County. — Station  is  in  the  south  end  of  the  town 
in  the  yard  of  Dr.  H.  Yokum  on  the  west  side  of  the  main  street  and 
is  marked  by  a  heavy  sandstone  post  in  which  is  set  a  copper  bolt  which 
is  also  the  southern  mark  of  meridian  line,  the  north  end  of  which  is 
likewise  marked  on  the  east  side  of  the  main  street  350  feet  distant. 

13.  BucKHANNON,  IJpsHUR  CouNTY. — Station  is  located  in  the  grounds  of 
the  West  Virginia  Conference  Seminary  (Methodist  Church),  at  northwest 
corner  of  the  lot.  It  is  marked  by  a  blue  sandstone  post  and  copper  bolt 
which  also  marks  north  end  of  meridian  line,  and  is  about  450  feet  north 
of  south  meridian  post. 

20.  Clabksburg,  Harrison  County. — Station  is  marked  by  a  copper  bolt 
in  southern  sandstone  post  of  meridian  line,  170  feet  east  of  public  school 
building  in  play-ground  of  same. 

22.  Grafton,  Taylor  County. — Station  is  located  on  a  hill  near  a  large 
rock  which  is  a  prominent  object;  it  is  almost  south  of  the  railroad  depot. 
Station  is  known  to  Mr.  Jno.  E.  Slone  of  this  place,  and  is  a  few  hundred 
feet  from  meridian  established  by  the  U.  S.  Geological  Survey. 

69.  Hancock,  Washington  County,  1897. — In  the  large  open  field  north 
of  railroad  depot  belonging  to  Mr.  Brosius. 

16.  Hendricks,  Tucker  County.— Station  is  on  land  owned  by  the  IT.  S. 
Leather  Company,  about  1000  feet  beyond  Little  Block  Fork  River  bridge 
and  on  the  north  side  of  the  road.  It  is  about  1200  feet  southwest  of 
West  Virginia  Central  railroad  and  the  same  distance  from  Dry  Fork 
railroad.    Is  marked  by  a  cross  on  a  natural  rock. 

25.  Keybek,  Mineral  County. — Station  is  in  the  lawn  of  the  house  on 
the  hill  belonging  to  Mr.  W.  E.  Crooks,  marked  by  a  sandstone  post  and 
copper  bolt. 

96.  Paw  Paw,  Morgan  County,  1899. — This  station  had  to  be  placed  in 
West  Virginia  as  it  was  not  easily  possible  to  cross  the  river  into  Mary- 
land with  the  magnetic  outfit.  It  is  in  the  large  field  south  of  railroad 
station,  near  the  frame  dwelling-house  on  the  hill.  The  precise  point  is 
marked  by  a  stake  37  feet  from  northwest  corner  of  fence  (wood),  67  feet 
from  northeast  comer  and  29  feet  in  front  of  gate.  The  house  was  occu- 
pied at  the  time  by  D.  G.  Bevans. 
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19.  Philippi,  Barboub  County. — Station  is  in  the  southern  part  of  the 
town  on  a  street  running  nearly  east  and  west,  on  land  owned  by  C.  A.  W. 
Smith,  being  the  third  lot  from  Main  Street.  It  is  marked  by  a  copper 
bolt  set  in  the  north  sandstone  post  of  the  meridian  line,  distant  about 
2000  feet  from  a  similar  post  marking  south  end  of  line  in  northwest  cor- 
ner of  a  lot  owned  by  the  Hon.  G.  A.  Dayton. 

11.  Pickens,  Randolph  County.  Station  is  about  %  mile  east  of  rail- 
road, and  100  feet  north  of  road  running  east  from  depot  on  land  belong- 
ing to  James  Pickens,  ariS  back  of  a  house  owned  by  W.  R.  Thomas; 
marked  by  a  copper  bolt  set  in  a  triangular  rock. 

15.  Weston,  Lewis  County. — Station  is  at  the  south  post  of  meridian 
line  in  front  of  the  south  wing  of  the  main  biiilding  of  the  West  Virginia 
Hospital  ana  230  feet  west  of  the  railroad;  marked  by  copper  bolt  in  blue 
sandstone  post. 

The  Distribution  of  the  Magnetic  Inclination  or  Dip  for 

January  1,  1900. 

Plate  IV. 
explanatory  remarks  as  to  isoclinic  map,  MirrHODS  OF  observing 

AND   reducing. 

In  the  First  Report,  pp.  413-418,  the  magnetic  inclination  is  de- 
fined and  a  brief  account  of  the  principal  phenomena  is  given, 
while  on  p.  452,  a  description  and  a  view  (Plate  XV,  Fig.  2)  of  the 
instrument  used  in  the  observations  will  be  found.  Plate  XVI,  of 
the  same  Report  contained  the  preliminary  lines  of  equal  magnetic  . 
inclination  for  January  1,  1897,  as  based  upon  the  1896  work.  The 
present  map  (Plate  IV),  however,  is  based  on  all  of  the  obser- 
vations, the  graphical  method  of  constructing  the  lines  ha\dng  been 
again  adopted. 

The  general  method  of  making  dip  observations  in  use  in  the  Coast 
and  Geodetic  Survey,*  with  but  slight  modification,  was  employed. 
The  dip-circle  is  known  as  56/4440,  and  at  the  time  it  was  loaned  to 
the  Maryland  Geological  Survey  (before  the  writer  had  charge  of  the 
magnetic  work  of  the  Coast  and  Geodetic  Survey),  it  had  but  one 
needle  that  gave  satisfactory  results.  Accordingly  this  needle, 
known  as  No.  1,  was  almost  exclusively  used  and  when  occasionally 

'  See  Appendix  No.  8,  Report  of  the  U.  S.  Coast  and  Geodetic  Survey  for 
1881. 
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some  other  needle  was  employed  the  result  obtained  with  it  was  re- 
ferred to  No.  1.  The  method  of  observation  gave  two  independent 
results,  which  are  designated  in  the  tables  as  I  and  II. 

At  all  stations,  except  in  special  investigations  of  locally  disturbed 
areas,  the  polarity  of  the  needle  was  reversed. 

The  reduction  to  mean  of  day,  January  1,  1900,  had  to  be  made, 
as  in  the  case  of  the  declination,  without  the  use  of  a  magnetic  obser- 
vatory. The  repeat  observations  made  at  Linden,  the  base  station, 
as  given  in  Table  XIV,  combined  with  those  of  the  Coast  and  Geo- 
detic Survey  in  the  vicinity  of  Maryland  gave  an  average  annual 
decrease  of  the  magnetic  inclination  of  1/5.  Reduction  to  mean  of 
day  was  made  with  the  aid  of  the  continuous  observations  obtained  at 
the  Magnetic  Observatory  of  the  United  States  Naval  Obesrvatory 
before  it  was  removed  to  its  present  disturbed  site,  viz.,  from  1889- 
1892. 

The  tables  of  the  diurnal  variation  of  the  inclination  were  not 
given,  however,  in  the  publications  of  the  Observatory,  hence  they 
had  to  be  deduced  from  a  combination  of  the  following  two  tables, 
Table  XI,  which  gives  the  diurnal  variations  of  the  horizontal  intensity, 
and  Table  XII,  the  same  for  the  vertical  intensity.  The  tabular  quan- 
tities are  expressed  in  units  of  the  fifth  decimal,  c.  g.  s.  units,  which 
unit,  following  the  suggestion  of  Eschenhagen,  is  called  a  gamma 
and  is  designated  by  the  Greek  letter,  y — ^the  g  sound  reminding 
one  of  the  name  of  Gauss.  Table  XIII  gives  the  corrections  to  be 
applied  to  an  observed  inclination  to  refer  it  to  the  mean  value  for 
the  day  (24  hours). 
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Table  XI. 

Diurnal  variation  of  the  horizontal  intcnnity  of  the  earth''*  magnetic  force  at  derived  from  the  continuous  obtem- 
lions  of  the  Washington  Jfagnelic  Observatory  between  the  years  1889-1891,  in  units  of  the  fifth 

decimal  C.  G.  S.  system. 

The  hours  given  are  for  the  75  Meridian  Mean  Time  which  is  8m.  128.  fast  on  local  mean  time.  Pins 
Bign  of  tabular  quantities  means  less,  and  minus  sign  greater  than  mean  of  day,  hence  the  table  gives  tbe 
corrections  to  be  applied  to  an  observed  quantity  to  obtain  the  mean  value  of  the  day. 
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Table  XI— Couclnded. 
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TiBLZ  Xn Concluded 
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Figure  1  gives  a  diagrammatic  repreaeutation  of  the  diurnal  varia- 
tion of  tbe  declination,  Figure  2,  that  of  the  inclinatioa,  and  Figure 
3,  the  diurnal  variation  of  the  two  elements  combined.'  Thia  dia- 
gram (Figure  3)  represents  the  path  described  in  the  course  of  a 


Flfl.  2.     Dlornal  varlstlon  nt  the  miuiietic  laclliiatlon  at  WaahlDifton,  D.  C.  (L9S9-i8W). 

day  bj  the  north  end  of  a  freelj-suapended  magnetic  needle,  as 
viewed  from  the  center  of  suspension,  supposing  that  the  earth's 
permanent  magnetic  field  were  eliminated  and  that  the  needle  were 
acted  upon  alone  by  the  magnetic  field  producing  the  diurnal  vari- 


FiG.3.     Ulnrosl  varlatiOD  of  cane  of  decllnntloa  and  iDcllDatloo  at  Wasfalugtoa,  D.  C. 

(18B».18aO). 

ation  of  the  earth's  magnetism  (compare  the  umOar  diagrams  for 
the  secular  variation  on  p.  472  of  the  First  Report).  For  the  diur- 
nal variation,  the  changes  in  declination  and  inclination  are  only 

'The  three  figures  are  taken  from  the  publications  of  the  Washing-ton 
Mngnetic  Observatory  for  1BS7,  Appendix  2. 
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a  few  minutes  of  arc,  for  the  secular  variation,  they  are  on  the  other 
hand  a  matter  of  several  degrees  and  the  curves  cannot  yet  be  closed 
nor  is  it  at  all  likely  that  they  ever  will  be  strictly  closed.  So,  like- 
wise, the  diurnal  variation  curves  according  to  recent  investigations, 
do  not  appear  to  be  strictly  closed  curves.  It  is  possible  that  the 
slight  magnetic  effect  recently  observed  in  the  United  States  during 
the  time  of  the  total  eclipse  of  the  sun  on  May  2»,  1900,  may  throw 
some  light  on  the  peculiar  retrograde  movement  of  the  diurnal  varia- 
tion needle  during  the  night  hours.     See  Figure  8. 

ACCURACY  OF  THE  OBSERVATIONS. 

The  corrections  to  an  observed  inclination  observation,  as  given  in 
Table  XIII,  do  not  strictly  apply  to  the  period  of  the  observations  of 
the  magnetic  survey  because  of  the  manifold  other  variations  con- 
tinually taking  place.  Fortunately,  in  the  case  of  this  element,  these 
variations,  as  well  as  the  diurnal  variation — the  maximum  correction 
on  account  of  which  is  but  1' — are  small  in  comparison  with  those  of 
the  diurnal  variation  of  the  declination,  though  their  absolute  effect, 
had  we  as  accurate  means  for  measuring  the  dip  as  the  declination 
would  be  equally  as  great.  As  long,  however,  as  we  must  be  content 
to  measure  a  dip  within  1'  or  2'  with  our  present  dip-circles,  the  re- 
duction errors  on  account  of  the  disturbance  variation  and  the  annual 
variation  (not  to  be  confounded  with  annual  or  secular  change)  are 
in  general  negligible  quantities.  A  discussion  of  the  many  repeat 
observations  at  the  base  station,  Linden,  showed  that  the  probable 
error  of  an  observation  was  reduced  by  applying  the  corrections 
given  in  Table  XIII. 

An  idea  of  the  combined  effect  on  a  single  observed  result  of  the 
dip  produced  by  the  observing  error  and  by  the  total  reduction  error 
(diurnal  variation,  disturbance  variation,  annual  and  secular  varia- 
tion) will  be  obtained  by  glancing  over  the  residuals  in  the  last 
column  of  Table  XIV,  which  gives  in  detail  the  results  of  the  repeat 
observations  at  Linden.  These  residuals  representing  the  differences 
of  the  separate  results  from  the  mean  of  all  (21)  amount  in 
one  case  to  nearly  4',  in  general,  however,  they  are  considerably 


MARYLAND   GEOLOGICAL  SUBVEY  78 

less.     The  mean  square  error  of  a  single  result  (the  mean  of  two 
independent  observations,  I  and  II,  with  needle  No.  1)  is: 

'        ^  n —  1 

and  the  prohahh  error  of  a  single  result  is: 


'  n —  1 


e  =  i:  0.6745  V   —  ^  =  i  1'  .37 

'  n —  1 

These  figures,  as  stated,  represent  the  total  error — observing  and 
reduction  error.  We  can  get  some  idea  of  the  observing  error  from 
a  consideration  of  the  differences,  I-II,  given  in  Tables  XTV  and  XV. 
From  these  we  find  as  the  mean  square  observing  error  of  the  mean  of 
I  and  EC: 


and  for  the  probable  observing  error: 

cj  =  0.6745  y  t^  =  ±  O'.  79 

These  quantities  are  smaller  than  the  preceding  ones,  as  was  to  be 
expected,  since  the  error  of  reduction  to  mean  of  day,  January  1, 
1900,  is  not  included  and,  furthermore,  because  they  are  derived 
from  the  results  obtained  under  the  same  conditions  and  not  under 
the  varying  conditions  of  an  entirely  independent  remoimting  of  the 
instrument  at  a  different  time,  so  that  //  and  e'  would  need  to  be 
somewhat  increased  in  order  that  they  might  represent  the  actual 
observing  error. 

While  these  figures  show  that  all  needful  accuracy,  for  the  present 
purpose  of  the  magnetic  survey,  had  been  obtained,  they  do  not  rep- 
resent the  highest  degree  of  accuracy  attainable  with  the  very  best 
dip  instruments.  Since  these  observations  have  been  made,  the 
writer  upon  taking  charge  of  the  magnetic  survey  of  the  United 
States,  has  had  all  of  the  dip  instruments  of  the  Coast  and  Geodetic 
Survey  examined  and  intercompared,  so  that  they  may  be  referred 
to  one  particular  dip-circle  (No.  23)  provisionally  selected  as  the 
standard  instrument.  This  particular  dip-circle  has,  furthermore, 
been  compared  at  Washington  with  two  earth  inductors  of  different 
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construction  and  has  been  found  to  agree  with  each  within  a  few 
tenths  of  a  minute.  Needle  No.  1  of  the  dip-circle  (56/4440)  used 
in  the  magnetic  survey  of  Maryland  had  a  correction  in  1900  on 
No.  23  of  about  — 1'.  As  the  correction  to  a  needle  is  generally 
traceable  to  imperfections  in  the  figure  of  its  pivots  and  is,  therefore, 
subject  to  a  possible  variation  with  constant  use  of  the  needle,  it  has 
not  been  deemed  safe  to  apply  any  correction  to  the  dip  results  during 
the  magnetic  survey  to  refer  them  to  the  Coast  and  Oeodetic  Survey 
Standard  Dip  Instrument.  Fortunately  all  evidence  goes  to  show 
that  if  there  be  a  correction,  it  will  not  be  much  over  1'. 

TABLES. 

The  headings  of  the  columns  of  the  various  tables  do  not  require 
any  further  explanation.  The  local  mean  time  of  an  observation  is 
given  counting  from  midnight  to  midnight,  from  0  to  24  hours. 
Tables  XIII,  XIV  and  XV  give  the  observations  in  sufficient  detail. 
The  summary  of  the  results  is  found  in  a  subsequent  chapter. 


Table  XIV. 
Magnetic  inclinaiiotm  observed  at  Base  Station,  Linden^  Montgomery  County^  between  the  years  1896  and  1900. 
[All  observations  by  L.  A.  Bauer,  exceot  Nos.  16,  17  and  18,  which  were  made  by  J.  A.  Flcming.l 


*^  I  c  I  Date. 

®s5i 

^O  >  '  Month  and  Day. 


Year  and 
decimal. 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
13 
18 
14 
15 
16 
17 
18 
19 
20 
21 


July  IS-Aujr.  7.   1896 
Sept.    4 1896 

«»      14 1S96 

'    u      14 1H96 

Oct.    2S 1896 

Nov.  24 1896 

i*      27 1890 

Apr.   14 IS97 

June  21 1897 

July  25 1897 

'Sept.  18 1898 

;    **      24 1898 

May    10 1899 

I    "       12 1899 

I    »'       15 1899 

IJuly     6 1899 

I    i*        7 1899 

I    »i        8 1899 

;    *i      18 11K)0 

*t      19 1900 

I    ♦«      20 1900 


.56 

.67 

.70 

.70 

.82 

.90 

.91 

.29 

.47 

.56 

.72 

.73 

.36 

.»> 

.37 

.51 

.52 

.52 

.54 

.54 

.  55 


Local  mean  time 
of  observation. 


I. 

h.  m. 
various 

8  47 


16 
18 
15 
16 
12 
14 
10 
19 
11 
13 
15 
15 
9 
12 
12 
11 
19 
19 
11 


25 

41 

04 

04 

57 

42 

26 

30 

27 

29 

43 

53 

33 

56 

52 

28 

00 
35 


II. 


h.  m. 
times. 

9  47 

17  45 

19  19 

16  44 

16  16 


15 
15 
16 
19 
11 
13 
16 
16 


58 
02 
37 
48 
47 
51 
42 
30 


10  03 

11  45 


11 
10 
19 
19 


06 
31 
09 
00 


11  35 


<  H)8i'r\ed 
Inclinations. 


Diff. 
I-II. 


II. 


c 


Mean      ^  •, 

3.     ' 


tf  S       0 


Incli-      « 5g      ?  co- 
nation.    .z'^S      £tJfl 

52  s* 


7      70 


46.370 
48.4 
50 . 0 
47.6 
43.6 


4 

1 
5 

,3 


43. 

46. 

43. 

4S, 

45 

45.8 

41.9 

42.6 

41.8 

46.5 

41.8 

41.4 

3  <  .  ;> 

38.3 

41.2 


48.4 

45.2 

48.7 

47.4 

43.0 

44.2 

46.6 
40  o 

47.2 
48.2 
46.6 
44.4 
41.4 
43.4 
46.2 
46.0 
44.0 
39.0 
40.2 
38.8 


70 


-2.1 

-f-3.2 

-1-1.3 

-l-0.2i 

-1-0.6: 

-0.81 

-0.5 

-HI. 8 

-»-1.0 

-2.9 

-0.8 

-2.5 

-h  1.2 

-1.6 

-HO. 3 

-4.2 

-2.6 

-1.5 

-1.9 

-H2.4 


46  61 

47.4 

46.8 

49.4 

47.5 

43.3 

43.8 

46.8 

42.8 

47.7 

46.7 

46.3 

43.2 

42.0 

43.6 

46.4 

43.9 

42.7 

88.2 

39.2 

40.0 


-5.27 
-5.0 
-5.0' 
-5.0 
-4.8 
-4.6 
-4.6 
-4.1 
-3.8 
-8.7 
-1.9 
-1.9 
,-1.0 
-1.0' 
1-0.91 
-0.7, 
-0.7, 
-0.7 
-HO. 8 
-HO. 8, 
-HO.S 


0 


41. 

42. 

41. 

44. 

42. 

38. 

.39. 

42 

*39 

44 

44 

44 

42 

41 

41 

45 

43 

42 

39 

40 

40 


4 
4 

8 
4 

7 

7 

2 
o 

0 
0 

8 

3 
•> 

0 

I 

2 
,0 
,0 
.0 

.8 


^1 

a 

tO.I 
-0.1 
rO.l 

-«H 

-0.1 

+SJ 

+S.T 

-0.1 
+2.1 
-!.l 
-2.H 

-3.4 

-0.1 

+0.1 

+0.1 

-8.1 

-1.1 

-0.1 

+«.•! 

+  1.1' 

+  1.1 


Mean 70  41.98 


1  Mean  of  6  practice  sets  made  in  vicinity  of  station  before  ma^etic  survey  vii'as  started. 


Table  XV 

tetic    inclinations  observed  at  various  stations  in  Maryland  between  the  years  1896  and  189V. 

[All  observations  by  L.  A.  Bauer.] 


Date. 


Station. 


Month 
and  day. 


Marlboro Sept.    9  . 

ta ♦*      10. 

June    4  . 


wine Sept.  10 

licsville '*      11 

dtown **      11 

,  Hotel »♦     10 

F.  G June  24 

ville,  S.  H .Sept.  17 

"    May    27 


Sept. 


jr  ... 
k... 
City 


it 

tc 

i( 


(4 


(( 


it 

Dec. 
Sept. 


nil 

oke  City 

ss  Anne 

iry,  C.  H 

M.  L 

isbnrg 

rsYille ** 

ick,  Asyl Oct. 

C  il  '» 

inster *♦ 

ktown *» 

Tland t* 

id,  8.  H " 

C.  H Aug. 

June 


it 


3f  Rocks Oct. 

•on *» 

1 *» 

Frederick ** 

Hotel  (i 

**       Nov. 


18  . 

19  . 
19  . 
21  . 

23  . 

24  . 

24  . 

25  . 

4  . 

26  . 

5  . 

<  . 

S  . 

9  . 

10  . 

12  . 

5  . 

13  . 
13  . 
15  . 

19  . 

20  . 
7  . 


Dallam May  A&  1 

Davidson <*       15  . 

C.  H "         4  . 


olis Oct.  21  . 

tt :  »'  22  . 

lore,  Fort Nov.  5  . 

Meeter*s  . . .    »*  5  . 

St.  Mary...  July  14  . 

ap Nov.  6  . 

rd  Furnace ** 

ell 

ain  Green 

r,  R.  R 

BallF May  10  . 

Bd.  St '  "  10  . 


tt 


ti 


tt 


6  . 
6  . 

6  . 

7  . 


§1  + 
►-•22 


.  0.09 
.  6.69 
.  7.42 

.  6.69 
.  6.70 
.  6.70 
.  6.71 
.  7.48 
.  6.71: 
.  7.40 

.  6.72 
.  6.72 
.  6.72 
.  6.72 
.  6.73 
.  6.73 
.  6. 73 
.  6.73 
.  6 .  73 
.  6.93 
.  6.73 
.  6.74 
.  6 .  76 
.6.77 

.  6.77 

t»   •"■» 

.  o .  I  i 
.  o.  «  « 
.  6 .  78 
.  7.58 
.9.43 

.  6.78 
.6.78 
.  6.79 
.  6.80 
.  6.80 
.  6.85 

.  <  .  on 
.  7.87 
.  7.84 

.  6.80 
.  6.81 
.  6.85 
.  6.85 
.  7.53 
.  6.85 
.  6.85 
.  6.85 
.6.85 
.16.85 
.7.86, 
.  7.86 


LochI  mean 

time  of 
observation. 


Observed 
Inclination. 


I. 


h.  m. 
14:29 

13:23 

10:41 

16:14 
8:55 
18:07 
11:01 
16:19 
12:38 
17:06 

12:52 
6:58 
18:03 
12:49 
7:45 
17:42 
11:32 
14:31 
8:11 
11:25 
13:38 
13:03 
14:19 
16:57 
13:22 
17:07 
14:06 
11:50 
11:24 
10:51 

10:14 
10:20 
11:08 

9:25 
15:06 

8:00 

18:10 
12:07 
17:17 
11:20 

•    •    •    • 

17:10 
15:12 
17:04 
15:03 
11:13 
15:11 
16:20 
17:08 
11:55 
9:26 
12:07 


}: 


II. 


I. 


h.  m.       *>      ' 
15:06  70  20.2 

15:01  70  05.1 

10:59  70  00.9 


16:44 
10:15 
18:53 
18:06 
16:37 
17:40 
17:26 


,70 
69 
69 
70 
70 
70 
70 


70 
70 
70 
70 


13:15 

7:06 
18:23 
13:06 

8:07  69 
18:00  69 
11:48  69 
14:49  169 

8:29  169 

3:50  70 
13:53 
13:25 
14:49 
17:17 
18:39 


17:25 
14:22 
12:06 
11:44 
11:09 


70 
71 
;70 
70 
70 
71 
70 
70 
70 
70 


70 
70 
70 
69 


10:89 
16:86 
11:08 
9:58 
15:22  170 

8:20  70 

I 

12:50  J70 

170 

17:38  J70 

70 

11:38  70 

17:26  i70 


15:30 
17:21 

■   •   •   • 

11:30 
15:28 


9:88 
12:58 


70 
70 
70 
71 
71 

!71 

70 
71 
70 
72 


14.6 
48.2 
37.1 
10.9 
14.0 
33.0 
82.2 

52.9 
26.4 
06.8 
02.9 
58.4 
42.2 
43.0 
55.7 
59.1 
04.4 
02.0 
00.4 
46.8 
88.9 
32.5 
04.7 
57.4 
42.1 
42.2 
37.1 

48.1 
59.7 
58.6 
58.7 
26.1 
20.2 

13.2 
23.3 
09.4 
38.8 
40.8 
39.9 
59.3 
54.9 
86.8 
06.5 
04.5 
07.6 
48.8 
16.2 
80.6 
28.8 


II. 


'70  24.2 
70  00.9 
70  02.6 

70  15.7 
69  46.8 

69  86.7 

70  16.5 
70  17.6 
70  80.8 
70  32.2 

70  53.0 
70  29.2 
70  08.3 
70  00.8 
69  58.5 
69  41.4 
69  44.7 
69  50.0 

69  55.8 

70  02.7 

70  08.9 

71  00.1 
70  47.4 
70  38.6 

70  35.7 

71  08.7 
7101.3 
70  42.5 
70  88.8 
70  82.0 

70  46.4 
70  59.0 
70  56.3 

69  56.3 

70  26.5 
70  27.1 

70  15.9 

•  •   •   • 

70  13.3 

70  89.6 

70  36.5 

71  00.2 

70  55.8 

•  •   •   • 

71  06.8 
71  08.6 


70  82.5 
70  26.5 


Diff. 
I-II. 


Mean       oS       Incli- 
Incll-       -g^-    nation  at 
nation.      g  .  Jan.l,190a 


s" 


-4.070  22.2 

+  4.2,70  03.0 

-1.7.70  01.8      - 

I    Mean..     . 

-1.170  15.2      - 

+  1.469  47.5      - 

+  0.469  86.9      — 

i-5.6i70  13.7*  - 

-3.670  15.8      - 

1  +  2.2  70  81.9      — 

I     0.070  82.2      — 

I  I    Mean . .    . 

1  +  0.970.52.4      - 

1-2.870  27.8      - 

-1.5i70  07.6      - 

+  2.170  01.8      — 

-0.169  58.4      - 

+  0.869  41.8      — 

—  1.7.69  43.8      — 


+  5.769  52.8 
+  3.869  57.4 


+  1.7 
-1.9 


»  _ 


70  03.5 
70  03.0 


+  0.3.7100-2  - 
-0.670  47.1  - 
+  0.370  38.7  ♦  — 
-8.2170  34.1  - 
-1.0,7104.2  - 
-3.970  59.4  - 
-0.4  70  42.8  »  - 
+  3.97040.2  — 
+  .5.170  34.6  - 
Mean . .  . 
+  1.7.70  47.2  - 
+  0.7,70  59.4      - 


5.070 
5.069 
8.969 
.  69 
5.070 
5.069 
5.069 
4.970 
8.870 
4.970 
8.970 
.  ;70 
4.970 
4.970 
4.970 
4.969 
4.969 
4.969 
4.969 
4.969 
4.969 
4.669 
4.969 
4.970 
4.970 
4.870 
4.8  70 
4.8:70 
4.8J70 
4.8,70 
8.670 
0.970 
.     W 


-4.870 

-4.8,70 

+  2.8J70  57.4      -4.870 

-4.869 
-4.870 
-4.7J70 


+  2.469  57.5 
-0.4  70  26.8 
-6.970  23.6 

Mean . . 
-2.7|70  14.6 

,70  28.3 

-3.9,70  11.4* 

I 
-0.8.70  89.7 
+  8.4,70  88.2 
-0.970  59.8 
—  0.970  55.8 

170  86.8* 

-0.87106.6 

+  0.971  04.0 

'  ....71  07.6 

70  48.8 

71  16.2 

-1.970  81.6 
-8.270  24.9 


4.070 
3.970 
4.0  70 

4.870 
4.8,70 
4.7|70 
4.7i70 
8.770 
4.771 
4.770 
4.771 
4.770 
4.771 
4.070 
4.0  70 


17.3 

58.0 

57. 9_ 

.58.0 

10.3 

42.5 

81.9 

08.8* 

12.0 

27.0 

28^8_ 

2776 

47.5 

22.9 

02.7 

56.9 

58.5 

86.9 

88.9 

47.9 

52.5* 

58.9    ' 

58.1 

55.8 

42.3 

33.9* 

29.3 

.59.4 

54.6 

87.5  » 

86.6 

88.7 

^573"" 

43.4 

54.6 

52.6 

53.7 

21.5 

18.9 

m:3~ 

10.6 
19.4 
07.4* 

84.9 

88.4 

55.1 

50.6 

88.1* 

01.9 

59.8 

03.9 

48.6 

11.5 

37.6 

30.9 


magmetic  storm. 

tions  marked  with  an  asterisk  are  affected  by  artificial  local  attraction  and  should  not  be  used. 


Table  XV.— Continued. 
Magnetic  inclinatiotis  observed  at  variouH  staiiotm  in  Maryland  between  1896  and  1899. 


No. 


Station. 


Date. 


Month 
and  day. 


87c 

87d 

37b 

87f 

87o 

87h 

87i 

87j 

87k 

88 

39 

40 

41 

lA 

42 


48 
44 
45 
47 
47a 

48 

49 

50 

51 

52 

58 

54 

65 

56 

57 

57a 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

68a 

69 

70 

71 

72a 

78 

74 


75 
76 

78 


(i 


ti 


(i 


II 


it 


(i 


it 


(i 


CarditI  Ramsay's   |May 

8erp.  Qu 

Slate  Qa I 

}i  mile  W 

Whiteford  Qu..' 

Flaherty's '» 

Cambria »» 

Sch.  H 

Peerless  Qu. . . 

Forest  Hill .jNov. 

i8tabler 

Unity 

Damascus 

Linden,  A.  8 *» 

,Forest  Glen jJuly 

*»  ♦*      'Nov. 

i 

Crisfleld loec. 

Cambridge jApr. 

Tilghman  Is '  " 

Towson,  N.  M iMay 

'*         8.  M '  »* 


ti 


ii 


ti 


ii 


ii 


ii 


ii 


ii 


ii 


ti 


ii 


ii 


ii 


ii 


ii 


ii 


ii 


Hyde's i^^ay 

Cburchville |  »' 

'Thomas  Run 

Hickory 

Highland 

{Minefield 

iDublin 

8carboro  

'Bradshaw 

iChestertown,  C.  H.. . . 
j  *♦  Wash.  C.    " 

Tolchester 'june 

iOxf  ord 

Fair  Haven 

'Laurel 'July 

Rockville ,    '* 

Webb 

Kent  I.,  8.  B   

Kent  I.,  Stevensville  . 

Bay  Ridge 

iSeneca 

Maryland  Hts 

I        "  H.  Farm.  .. 

Hancock 

Corunna *' 

Westernport 'Auu:. 

■Fairfax  St 

Fairfax  Camp 

Backbone  Mtn 


ii 


ii 


t  i 


ii 


ii 


it 


it 


it 


it 


ii 


10 
10 
10 

11 

12 
12 
12 
13 
14 
7 
18 
14 
14 
25 
20 
25 

7 
17 
19 

7 


ti 


ii 


7  .. 

8  .. 
8  .. 

8  .. 
14  .. 

14  .. 

15  .. 

15  .. 
20  .. 
29  .  . 
31  .. 

1  .. 

25  . . 

26  .. 
1  .. 

9  .. 

16  .. 

19  .. 

20  .. 

28 

28  .  . 

HI   .. 

3  .  . 

5  ifc  r. . 


I 


ti 


it 


ii 


30&  31. 
''31ifcSept.l 


7.35 
7.35 
7.35 
7.35 
7.87 
7.37 
7.37 
7.371 
7.38 
7.41 
7.41i 
7.42 
7.48 
7.49 
50' 
52 
54 
55 
55, 
56 

/  .5i 

I  .Or 

7.57 

7. 58 

7.59 

7.59 

7.60 

7.60 

7.67 


i 


Loeaf  mean 

time  of 
observation. 


Observed 
Inclination. 


7.36 
7.36 
7.36 
7.36 
7.86 
7.86 
7.86' 
7.36 
7.37 
6.85 
6.87; 
6.871 
6.87 
6.90 
6 .  55 
6.90 
I 
6.93- 
7.29 
7.30i 
7.85 
7. 85' 


IL 


h.  m.      ta.  m. 


Camp  Potomac Sept. 

Folev  Mtn 

Snaggy  Mtn 


ii 


17 
21 
27 


I,- 


.68 

.72 

1.74' 


16:47 
17:39 
18:02 
11:04 
11:45 
12:41 

7:09 
12:03 
13:53 
15:29 

7:44 
14:45 
16:42 
16:20 
12:03 

15:23 
18:08 
15:37 
15:17 
13:35 

17:53 
11:58 
15:10 
16:40 
15:06 
16:14 

6:18 

8:35 
17:02 
15:06 
17:47 
17:86 
13:28 
13:45 
13:59 

7:48 
15:34 
13:29 

7:41 
18:09 
14:00 
13:34 

<  :o  < 
17:08 
17:40 
13:21 
16:14 
16:15 
18:12 
18:24 

19:15 

9:27 

11:04 


71 

•  • . •     To 
17:56  70 

71 

•  .  .  •     T  <5 

71 

. . . .   1 70 

7:25  j70 

70 

71 
70 


14:12 
15:45 


8:29  70 


15:03 
16:54 
17:00 
12:19 


70 
70 
70 
70 


15:89  169 
18:24  |69 
15:58 
13:57 
18:57 


70 
70 
70 


70 

. . .  .    70 

. . .  .   ,70 

.  . . .     i\ 

!71 

•  •   •   •      I  ■  L 

72 

•  ■     •      •  I    A^ 

9:29  170 

:71 

70 


15:28 
18:03 


ro 


17:48  !70 


14:03 
14:10 
14:11 
8:04 
16:19 
13:30 


70 
70 
70 
70 
70 
70 
70 
70 
70 


18:28 
14:17 
14:04  70 
8:37  i70 
17:37  71 
17:55  i70 
13:43  i70 
15:17  '70 
16:47 
17:07 
18:27 


70 
70 
70 


I. 


05.2 
19.8 
41.6 
57.3 
12.0 
18.9 
54.8 
85.1 
49.8 
05.5 
27.4 
27.1 
50.2 
30.5 
29.4 
29.0 

86.6 
59.5 
04.8 
54.4 
57.5 

49.0 

55.8 

43.8 

26.8 

03.4 

04.8 

15.0 

37.8 

17.0 

30.7 

40.7 

49.3 

05.0 

13.6 

45.7 

05.5 

41.5 

31.8 

31.6 

84.4 

56.6 

55.2 

48.6 

03.1 

36.0 

51.4 

27.7 

35.1 

30.1 

28.3 


IL 


Mean 
Dlff. !     Incli- 
nation. 


18:08 

9:47 

11:20 


170 
70 
70 


33.3 
31.6 
33 . 5 


I 


....       ....  7 1  05 . £ 

'73  19.8 

r0  42.1    -0.670  41.8 

..i71  57.3 

..73  12.0 

....71  18.9 

....70  54.8 

-.3.1170  37.7 

....'70  49.8 

-2.2(7106.6 

-3.770  29.3 

-1.070  27.6 

-0.470  50.4 

-0.870  30.9 

-1.170  29.9 

+  0.9j70  28.6 

;  Mean . 
-0.4|69  36.8 
0.0169  59.5 
70  08.9  +0.9|70  04.4 
70  55.0  -0.6'70  54.7 
+  0.9j70  57.1 

Mean. 
..70  49.0 
..70  55.8 
..70  43.8 
..71  26.8 
..'71  08.7 
..72  04.8 
..|72  15.2 
70  40.6    -2.870  89.2 

|71  1  t  .0 

-0.6  70  31.0* 
-0.7;70  41.0 
-4.ll70  51.4 
-1.6,70  05.8 
+  2.4170  12.4 
4-1.970  44.8 


70  88.2 

•    •   •    • 

71  07.7 
70  31.1 
70  28.1 
70  50.6 
70  31.3 
70  80.5 
70  28.1 

69  87.0 
69  59.5 


i70  56.6 


70  31.3 
70  41.4 
70  53.4 
70  06.6 
70  11.2 
70  43.8 
70  06.2 
70  44.4 
70  31.8 

•    ■   •    « 

70  33.9 
70  54.0 
70  50.2 
70  47.3 
171  01.6 
70  42.7 
,70  50.6 
!70  29.9 
70  33.7 
70  28.3 
,70  28.1 
I 

70  29.8 
70  31.4 
70  32.6 


-0.770  05.9 

-2.9  70  48.0 

0.0|70  81.8 

....70  31.6 

4-0.5|70  34.2 

+  2.670  55.8 

-h5.0|70  52.7 

'-♦-1.370  480 

-rL5!71  02.8 

-6.770  39.4 

-H  0.870  51.0 

-2.2  70  28.8 

+  1.4,70  84.4 

+  1.870  29.2 

+  0.270  28.2 

,    Mean . 


o5      Indi- 
-^^    Dttioai 
Ss*  JaiLLM 


-4.071  01.1 
-4.a73  15.« 
-4.070  87.« 
-4.071  53.1 
-4.078  08.I 
-4.071  14.1 
-4.0,70  50.1 
-4.070  ».T 

l-8.»'70  45.1 
-4.7:71  01.1 

1-4.770  34.S 
-4.770  «.• 
-4.7^0  45.7 

i-4.6i70  9I.S 
-5. 270  84.T 

!-4.6'70  84.1 

..  iTOlO 
I  — 4.6«9  38.1 
,-4.i«9  M.4 
,-4.0'70  OO.i 
-4.0i70  M.7 
1-4.070  58.1 

i    ..     70"5ll 
'-4.a'70  45.l 
-4.0(70  51.8 
-4.070  88.8 
,-4.0!71  28.8 
-3.9  70  59.8 
-8.9-72  00.1 
8.972  11.8 
3.970  35.8 
.3.9  71  18.1 
3.9,70  37.r 
8.970  37.1 
8.9  70  47.1 
3.8,70  02.0 
8.870  OJJ.I 
3.870  41.8 
8.7,70  02.8 
8.770  89.8 
3.770  38.1 
8.770  27.9 
8.7  70  80.5 
8.670  51.T 
3.670  49.1 
3.670  44.4 
3.670  58.7 
3.670  35.8 
3.670  47.4 
3.6,70  25.8 
3.670  80.8 
3.570  25.7 
8.570  24.7 


1    __ 


. .     70  25.8 
+  3.5I70  81.6      -3.570  38.1 

-.3.4  70  28.1 
-8.470  39.7 


+  0.2|70  31.5 
+  0.9170  83.1 


1  Observations  made  purposely  over  a  large  gabbro  rock  projecting  from  the  ground,  in  order  to  determiw 
the  effect. 
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Table  XV. — Concluded. 
Magnetic  inclintUiofui  observed  at  various  siaiioiu  in  Maryland  between  the  years  1896  and  1899. 


Date. 


StaUon. 


Month 
and  day. 


It 
(t 
t( 


t( 
It 


aylor'8  Hill ;Oct. 

ike's  Hill,  E 

«»  **      W 

[ason  and  Dixon  Line. 

lOnaconing Ang. 

^ithersburg,  (Smith) . .  May 

isbon 

ykesYille 

reisterstown 

[ancbester ** 

aneytown *' 

Ibcrty ;  »* 

[cHenry June 

.ecident ** 

rantsville 

ew  Germany 

iranton 

aw  Paw« 

arkton 

[ayre  de  Grace 

etterton 

ising  Sun <« 

alvert  


it 
tt 
tt 
it 
tt 
tt 
tt 


tt 


3  .. 
8  .. 

13  .. 
16  .. 
31  .. 

15  .. 

16  .. 

16  .. 

17  .. 
19  .. 

19  .. 

20  .. 
6  .. 

6  .. 

7  .. 

8  .. 

9  .. 
12  .. 

14  .. 

20  .. 

21  .. 

22  .. 
22  .. 


Looalmean 

time  of 
observation. 


Observed 
Inclinations. 


7.75 
7.77 
7.78 
7.79 
8.66 
9.87 
9.87 
9.37 
9.88 
9.38 
9.38! 
9.38 
.9.43 
9.43 
9.43 
9.44 
9.44 
9.45 
9.45 
9.47 
9.47 
9.47 
9.47 


I. 


h.  m. 
14:58 

16:14 

11:11 

11:26 

17:47 

17:18 

11:56 

19:28 

12:13 

9:08 

16:49 

10:39 

13:52 

18:48 

11:45 

12:16 

11:04 

11:17 

13:23 

11:37 

16:20 

12:48 


II. 


I 


h.  m. 
15:28 

16:30 

11:29 

11:44 

18:02 

17:47 

•  •   •   • 

•  •   •   • 


I. 


II. 


11:11 
12:58 

«    •   •   • 

12:09 
11:52 
10:37 
10:46 
13:00 
11:17 
15:40 
11:58 
16:48 


70  42.2 
70  41.9 
70  42.3 
70  55.5 
70  45.8 

70  25.7 

71  23.6 
70  53.3 
70  41.8 

70  59.2 

71  01.0 
70  49.6 
70  43.8 
70  46.3 
70  54.2 
70  50.4 
70  39.9 
70  46.3 
70  57.3 

70  57.9 

71  20.8 
71  12.8 


1 


70  36.6 
70  41.8 
70  42.0 
70  54.6 
70  46.5 
70  26.6 


70  60.9 
70  43.4 


Diff. 
I-II. 


Mean 
Incli- 
nation. 


+  5.670 
+  0.170 
+  0.370 
+  0.9  70 
-0.770 
^-0.970 
.71 
.70 
.!70 
.170 
.71 


-1.3 

\  0.4 


70  49.5 

70  51.1 

70  40.8 

70  47.7 

70  59.5 

70  59.1 

71  15.9* 

71  12.6  » 

71  02.8 

70 
70 
70 
+  4.770 
-0.7170 


70 
70 


-0.9 
-1.4 
-2.2;70 
—1.2  70 
+  5.0  71 
+  0.271 
71 


40.3 
41.9 
42.1 
55.0 
46.2 
26.2 
23.6 
53.3 
41.8 
59.2 
01.0 
50.2 
43.6 
46.3 
51.8 
50.8 
40.4 
47.0 
58.4 
58.5 
18.4 
12.7 
02.8 


& 


Incli 

nation 

Jan.  1, 11 


r     ff 

-3.4 

-3.8 

-8.8 

-8.8 

-2.0 

-0.9 

-0.9 

-0.970 

-0.970 

-0.9 

-0.9 

-0.9 

-0.9 

-0.9 

-0.9 

-0.8 

-0.870 

-0.8 

-0.8 

-0.8 

-0.8 

-0.8 

-0.8 


70  86. t 

70  88. ( 

70  88.? 

51.1 

44.: 

25.  i 

22.: 

52.^ 

40.1 

58.: 

00.1 

49.: 

42.' 

70  45.^ 

70  50.1 

50. < 

39. ( 

70  46.; 

70  57. ( 

57.' 

17.1 

11.! 

02.1 


70 
70 
70 
71 


70 
71 
70 
70 


70 


70 
71 
71 
71 


height  two,  mean  of  two  determinations.       <This  station  is  in  W.  Va.       ^J.  A.  Fleming,  obserrer. 
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Table  XVI. 
Magnetic  inclinations  observed  by  the  United  States  Coast  and  Geodetic  Survey  in  the  vicinity  of  Gaitkeribttr^. 


No. 


84a 


84b 


84  c 

102 
108 
104 
105 
106 


107 
108 

109 

67a 


Station. 


Date,  Fear 
and  DecimaJ 


C   M  m* 


Local  Mean 
Time  of 
Obsn's. 


II 


Observed 
Inclination. 


II 


Obseirer. 


i  h  m    h    m      °       ' 

Gaithersburg  I.  Jnly    69.51113  2014  37  70  44.4 


"      79.5211  4814  56  70  41.6 
»*    109.52  70  50.6 


*»    249.56 


70  41.8 


Gaithersburg  II 


**       89.52113  0114  27  70  47.9 
**    119.52  70  52.6 


Gaithersburg  III,     »»    109.52111  2911  51  70  51.0 


Waring 

Middlebrook  . . . 
Cross  Roads  I. . 
Cross  Roads  II. 
Redland 


it 


tt 


t( 


(( 


(t 


i( 


ti 


139.53110  3611  31  7147.1 
14  9.58'10  4811  34  70  43.5 
159.54!l0  4911  30  70  44.8 
17|9.5411  0911  51  70  42.4 
189.5410  5611  37  70  25.6 
18,9.5415  0915  54  70  26.9 


"  199-55'l0  5711  85  70  20.4 

*»  209.5511  0411  50  71  02.8 

**  219.55,10  54 Jg  gH7107.7 

Seneca "  229.5611011143  70  56.2 


Derwood 

Hunting  Hill . . . 

Quince  Orchard 


70  40.1 

70  40.8 
70  46.1 
70  44. 2 -2.41  70  43.0 


70  50.4 
70  46.1 


70  45.4 

71  45.5 
70  37.5 
70  40.0 
70  36.4 
70  20.9 
70  20.9 


/    I  O  /  /  ;         O  'I 

+  4.3  70  42.2|-.7|  70  41.5L.  A.  Bauer  L 

H.  W.  VehrenkftiDi 
+  0.81  70  41.2]-. 7|  70  40. 5^     ««  " 

+  4.5  70  48. 4-. 7,  70  47.7iJ.  A.  Fleming. 

-  .  7  70  42 . 3  H.  W.  Vehrcnkam] 


I  Mean.  70  43.0 

—  2.5|  70  49.2—  .7  70  48.5|H.  W.  Vehrenkami 
+  6.5'  70  49.4-  .71  70  48  7  J.  A.  Fleming. 


Mean .   70  48 . 6 


+  5.6  70  48. 2,-. 7,  70  47. 5 H.  W.  Vehrenktmj 


+  1.6,  71  46.3 
+  6.O1  70  40.5' 


-.7 


70  13.9 
70  58.4 

70  54.91 


+  4.8  70  42.4 
+  6.0  70  39.4 
+  4.7  70  23.2 
+  6.0  70  23.9  — .7!  70  23.2 


— .  < 


.7  71  45.ttj 
.7|  70  89.8 
.7  70  41.71 
70  88.7 
70  22.51 


+  6.5 

+  4.4 

+  2.8 


Mean.!  70  22.8, 

70  17. 2-. 7;  70  16.5 

71  00.6i-.7'  70  59.^ 


70  59. 2-. 7 


70  58.5 


70  51.1|  +  5.1  70  53.6-. 7i  70  52.9 


it 

it 


1  Result  of  two  observations,  weight  =  2. 


The  Distribution  of  the  Horizontal  Intensity  of  the  Earth's 

Magnetic  Force  for  January  1,  1900. 

method  of  observation. 

The  absolute  method  of  determining  the  horizontal  intensity  of 
the  earth's  magnetic  force,  i.  e.  deflection  and  oscillation  observations, 
was  followed  throughout,  except  for  special  investigations  of  local 
disturbances  when  one  or  the  other  set  of  observations  would  be 
omitted.  In  addition  absolute  observations  were  repeatedly  made 
at  the  base  station,  Linden,  throughout  the  period  of  the  survey. 
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With  the  values  of  the  magnet  moment  derived  at  this  station,  it 
was  possible  by  a  proper  interpolation  taking  into  account  the  gradual 
loes  in  the  magnetic  moment  with  time,  to  compute  two  independent 
values  of  the  horizontal  intensity  H  at  each  station,  one  derived 
from  the  deflection  sets  and  one  from  the  oscillation  observations. 
It  is  deemed  best  in  magnetic  survey  work  where  instruments  must 
be  transported  by  wagons,  railroad  or  steamboat  to  make  absolute 
observations  whenever  possible  so  as  to  eliminate  such  errors  as  may 
be  due  to  a  sudden  change  of  the  magnetic  moment  caused  in  some 
manner  during  transportation  of  instrument 

The  deflection  observations  were  made  almost  entirely  throughout 
the  work  with  two  distances,  and  as  the  observations  extended  over  a 
good  portion  of  the  year,  values  of  the  magnetic  moment  were  ob- 
tained at  high  and  at  low  temperatures  in  the  natural  course  of  the 
field  work.  The  distribution  coefficient  P,  and  the  magnetic  tem- 
perature coefllcient  could  be  derived,  therefore,  directly  from  the 
season's  work.  The  remainder  of  the  constants,  such  as  moment  of 
inertia  of  the  long  magnet  used  in  declinations,  vibrations,  and  as  de- 
flecting magnet  in  the  deflection  observations,  and  its  induction  coeffi- 
cient, were  repeatedly  controlled  throughout  the  work. 

The  instrument  used  was  the  Coast  and  Geodetic  Survey  magnetom- 
eter No.  18,  illustrated  and  described  in  the  First  Report.  It  was 
compared  with  various  European  observatory  magnetometers  in  the 
fall  of  1899. 

The  values  of  the  temperature  coefficient,  g,  of  the  long  magnet 
designated  18L  for  1°  centigrade  are: 


Value. 


Weight.  Observer  and  Remarks. 


0.00053 
42 
42 
57 


2  G.  R.  Putnam,  special  oba'ns,  Nov.,  1893. 

2  L.  A.  Bauer,  38  field  observations,  1896. 

2  L.  A.  Bauer,  86  field  observations,  1897. 

1  L.  A.  Bauer,  22  field  observations,  1899. 


Weighted  mean  0.00047  adopted. 

The  deflection  and  the  oscillation  observations  were  arranged  in 
such  a  manner  as  to  refer  as  nearly  as  possible  to  the  same  tempera- 
ture and  intensity.     The  difference  in  temperature  was  rarely  more 
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than  1°,  generally  less,  bo  that  an  approximate  value  of  q  for  abso- 
lute obBervations  was  ample. 

The  value  of  the  distribution  coefficient  P,  was  from  48  field  ob- 
servations in  1896  and  1897,  —0.68  eg. 3.  units,  and  from  37  field 
obaervatiouB  in  1898  and  1899,  — 0.67  c.  g.  s.  units.  The  first  result 
was  given  the  weight  of  3  and  the  second  2  and  the  weighted  mean 

TlBLE  xvu. 

1  diumal  irartaHon  of  the  magnetic  horiionlai  ialtntity  oa  derbiid  from  tht  eoiUinxtoiu  obtenal 

at  the  Waihinglon  Jfagnttic  Observatory  during  the  three  yeart  1880-91. 


tbsD  mean  ot  day. 

HOUR. 

Month. 

Jan  .. 

v 

Feb.. 

March. 

S 

n 

April. 

May.. 

H 

Jnne  . 

H 

H 

July. . 

71 

Ang.. 

■a 

Sept.. 

s 

Oct... 

Not.. 

Dec  .. 

w 

IS 

of  — 0.676  was  adopted  throughout  the  work.     With  this  the  value 

log  f  1 -J  J    for  short  distance,  35  cm.,  was  0.00024,  and  for  long 

distance,  49  cm.,  was  0.00013. 

EEDUCTION  TO  JANUAHY  1,  1900. 

The  secular  change  of  the  horizontal  intensity  as  dprived  from  a 
discussion  of  the  Linden  repeat  observations,  ^ven  in  Table  XVIII, 
and  of  the  Coast  and  Geodetic  Survey  repeat  observations  in  the_ 
vicinity  of  Maryland,  was  found  to  be  a  decrease  in  the  horizontal 
intensity  at  an  average  annual  rale  of  0.00007  c.g.s.  unita  or  7    T- 
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This  value  has  been  adopted  for  the  present.  Later  values  obtained 
since  the  discussion  was  made  would  indicate  that  the  annual  de- 
crease may  possibly  be  slightly  more,  8  or  9  r*  It  is  not  deemed 
advisable,  however,  to  make  any  change  now  in  the  referred  quanti- 
ties.    A  definite  value  will  hardly  be  obtainable  before  1905. 

The  same  method  of  elimination  of  diurnal  change  had  to  be  em- 
ployed as  in  the  case  of  the  inclination.  Table  XVii,  derived  from 
Table  XI  of  the  previous  chapter,  gives  the  corrections  to  be  applied 
to  an  observed  quantity.  If  there  was  evidence  of  a  large  magnetic 
disturbance  variation,  the  observations  were  either  suspended  or  if 
made  were  finally  omitted.     There  were  only  a  few  such. 

As  in  the  case  of  the  inclination  and  for  the  same  reasons  as  there 
stated,  the  corrections  given  in  Table  XVII  do  not  strictly  apply  to 
the  period  of  the  survey.  It  was  found,  however,  that  although  the 
corrections  are  in  general  small,  it  paid  to  apply  them,  a  reduction 
of  the  probable  error  of  a  single  result  resulting  therefrom. 

Figs.  4,  5  and  6  represent  by  curves  the  diurnal  changes,  re- 
spectively in  the  horizontal,  vertical  and  total  intensity.  They  are 
taken  from  the  publications  of  the  Magnetic  Observatory  of  the 
United  States  Naval  Observatory  (before  its  removal  to  the  new  site) 
for  1887,  Appendix  2. 

THE  ACCURACY  OF  THE  OBSERVATIONS. 

Looking  over  the  residuals — the  differences  of  the  separately  ob- 
served values  of  H  at  Linden  from  the  mean  of  all — given  in  the 
last  column  of  Table  XVm,  we  notice  that  they,  in  general,  do  not 
amount  to  over  2  in  the  fourth  decimal  and  occasionally  they  are 
about  4.  The  mean  square  error  of  a  single  result,  as  due  to  a 
combination  of  observing  and  reduction  error,  diurnal  variation,  dis- 
turbance variation,  annual  variation  and  secular  change,  is: 

and  the  probable  error  of  a  single  result  is: 

.  =  ±  .6745^/ i::^!  =  ±  16,  =  ^l-^^  H. 


S3  GECOITD    SEPOBT    ON    MAOKBTIC    WOKK   IB    UABYLAITD 

In  addition  to  the  combination  of  errors  involved  in  these  fibres, 
we  have  in  addition  reason  to  suapect  that  certain  instrumental 
changes  may  have  taken  place.  Thus  during  these  observations  the 
magnetometer  was  provided  with  wooden  deflection  bars  instead  of 
with  metallic  ones  as  now.  These  wooden  bars  have  been  shown  to 
change  their  shape  and  dimensions  with  varying  ocoiditions  of  mois- 
ture and  distance  sufiBcient  to  produce  a  change  in  the  deflecting  dis- 
tance, causing  an  error  of  1/1000  H  in  the  result — i.  e.  about  the 
same  order  as  the  above  errors.  Furthermore  a  study  of  the  instru- 
ment showed  that  the  limit  of  accuracy  attainable  in  a  single  observed 
result  at  any  time  was  about  1/1000  E.  The  Coast  and  Geodetic 
Survey  is  now  procuring  instruments  with  which  a  higher  degree 
of  accuracy  can  be  obtained  than  with  its  past  instruments.  How- 
ever, for  the  general  purposes  of  the  magnetic  survey  the  accuracy 
obtained  will  suffice. 

TABLES. 

Ko  further  explanation  than  that  given  in  the  headings  of  the  col- 
umns will  presumably  be  required.  Tables  XV  ill,  XIX  and  XX 
give  the  values  of  the  horizontal  intensity  for  Maryland  while  the 
recent  values  obtained  in  the  vicinity  of  its  boundaries  will  be  found 
in  Table  X. 

In  order  to  avoid  the  decimal  point,  the  values  are  expressed  in 
terms  of  gammas  (see  p.  65)  or  in  units  of  the  fifth  decimal  c.  g.  s. 
The  dimensions  of  y  are  those  of  intensity  not  of  force  or  dyne.  The 
intensity  of  a  magnetic  field  being  the  force  which  a  unit  pole  will 
experience  when  placed  in  it,  its  dimensions  are 
-J/"*  /,-■'  Z'^'  or  9''  cm"**  «"' 


>1  intenaltT  ftt  WaBhlngton,  D.  C. 


UARYLAKD    OEOLOOICAL   SUBTEV 


Fio.  5.— The  dinrnal  Tartatlon  ot  the  Tertlcil  intenBltf  at  WasblagtOD,  D.  C.  tlSM). 


— Tbe  dlaroal  varlatiou  ot  tbe  total  lataailtj  at  WaihlngtoD,  D.  C.  (1890). 
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8BCOND   KEPOBT   ON   MAGNETIC    WOEK   IN   HABYLAND 


Table  XVIII. 


Values  of  the  horizonial  intensity  observed  cU  Base  Station^  Linden,   Montgomery  County , 

between  the  years  1896  and  1900. 

[All  observations  by  L.  A.  Bauer  except  Nos.  23,  24,  25,  and  26,  which  were  made 
by  J.  A.  Fleming.] 


a 
O 


o 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 

12 
13 
14 
15 
16 
17 

18 

19 

20 

21 
22 
23 

24 

25 

26 

27 

28 
29 


Date. 


Month  and 
Day. 


Tear  and 

Decimal. 

1890+ 


Local  Mean  Time. 


July  15-29. 

6.55 

Sept.  7 

6.68 

"      28 

6.74 

Oct.     4 

6.76 

•»      30 

6.83 

*'      80 

6.83 

"      31 

6.83 

Nov.  24 

6.90 

"      24 

6.90 

♦♦      24 

6.90 

Apr.  14 

7.28 

June  21 

7.47 

»♦      21 

7.47 

July  23.... 

7.56 

♦»      23 

7.56 

"      24 

7.56 

»*      24 

7.56 

Sept.  18.... 

8.72 

"      19 

8.72 

May     10 

9.36 

»*      12 

9.36 

♦*      15.... 

9.37 

July     5.... 

9.51 

"        6 

9.51 

7.... 

9.52 

'*        8 

9.52 

"      18 

10.55 

»'      19 

10.55 

"      20 

10.55 

Osc. 


Defl. 


■S>vd 

Q  •  r 
N  a  »* 

III 


I"' 


a 


m 


15  52 

14  59 

15  51 
14  22 

16  52 
10  55 

9  SO 

12  08 

14  18 

10  11 

11  44 
9  07 

15  32 
8  58 

18  OS 

8  16 
18  36 

9  29 

10  25 
6  46 
8  16 

11  27 

13  31 


h 

m 

16 

25  > 

15 

55 

16 

51 

15 

21 

15  47 


821.84 
820.09 
819.28 
819.02 
318.92 
819.87 


10  82 «|  818.98 

11  85      819.68 


13  14 

14  53 


319.46 
319.29 


I" 


18  ,  319.70 


9  50 
15  54 
9  27 

18  40 
8  42 

19  17 


817.76 
317.23 
817.28 
317.04 
816.96 
816.25 


} 

10  37  ) 
12  11  ] 

11  05 
18  88  \ 
14  53  / 

9  36 
10  47   ' 

8  55 
10  06   ' 

8  05 

9  33   ' 
17  07 
16  48 

9  24 


10  00     311.17 


7  17  I  311.04 


12  30     308.67 


11  28 
11  35 
14  15 


308.33 
808.47 
307.77 


10  12     307.71 


9  29     807.31 


8  49     307.15 


16  59 

16  48 

9  26 


300.97 
301.58 
803.14 


19791  \ 
825  I 
762 
827 
792 
778  I 
777  , 
767 
786  ' 
795 


y 

-24 
-23 
-28 
-28 
-22 
-22 
-22 
-22 
-22 
-22 


745     -19 


803 
796 
757 
755 
759 
782 


-18 
-18 
-17 
—  17 
-17 
-17! 


734      —09 


761 

776 

769 
780 
720 


-09 

-04 

i 

-04l 

I 

-04 
-08l 


735     -08 


755      -08 


745      -08! 


768 

768 

19803 


+  04 
+  04 
+  04 


Mean 


^  Mean  of  live  practice  sets. 

*  Deflection  observations  made  with  one  distance  only. 


y 

19767 
802 
739 
804 
770 
751 
755 
745 
764 
778 

726 

785 
778 
740 
788 
742 
765 

725 
752 

772 

765 
776 
717 

732 

752 

742 

772 
772 
807 


19760 


is 

Zi  o 


} 

—  I 

-42 

+  21 
-44 
-10 
+  9 
+  5 
+  15 

-  4 
-13 

+  34 

-25 

-18 
+  20 
+  22 
+  18 

-  5 

+  35 

+  8 
-12 

—  5 
-16 
+  43 

+  28 

+  8 

+  18 

-12 
-12 
-47 


IfABYLAND    GBOIXWIOAL   BDEVBV 


Valaet    of   I'll    htrriiOHial  inleniUf  obtemd  a 


'Mi 


I  10  47  1 
I  6.89  I  17  07  J 
a. 69  I  1018 
17  10 


I  MaffDstlc     Hor.  t 


MecbanlcSTllle 8apt,  11 

Leatrdtown u     13  ' 

EkitoD,  Hotel "     16  I 

F.  « ;  Jnnefl4 

CentreTllIe.  Acad Bept.  17 

"     ....  M«y  37 

C.  H ,  "     37  , 

Mmmj Sept.  18  ' 

Rldgely i.     l» 

Harlock |  "     19 

Ocean  City ■■    21 

Berlin n    33 

Snow  Rill I  ••    33  ' 

Pocomoke  City "     24 


OkkUad,  B.  H... 
Oakland,  C.  H.  . 


Point  of  Rocka 

Dlckereon 

,  Elkton 

PrlncB  Kradericktoi 
Belatr,  Hotel 


AnnapoUa 

,  ElllcottCltj 

Baltimore 

Belcamp 


17  00 
I  15  50 
I  9  52 
'  15  40 
'  10  u 
,  IS  38 

10  43 


1  33!  330.39 
1  30  SaO . 39 
7  47    318.39 

.,  [820.01] 
9  40  319.84 
0  23!  330.33 


'IHSl  S' 

10  49|  s: 

.17  isl  3; 

12  S3  3: 

14  411  8: 
ilS  00  3' 
17  20  3 
Ifi  37I  8- 
1(124  3 

15  37i  3- 


77  '  16  22     |16  57 


,  14  IK  14  4: 

;  10  06  111  IS"  31 

.  16  45  17  34   31 

11  17  13  39'  31 

13  W  '12  39  .11 

»40  10  33    31 

I  14  57  IS  30    31 

:  16  09  ,16  41    3] 

I  IS  85  16 

I  11  12  47.  31 


20439  1 
30864  . 
20348  I 
20301 
30147 
30106 

30343 
19774 

20158 
a0400  ' 
30376 
30.138 
20693 
30046 
30566 
20440 
30445 
1962H 

19074 

301W7 
19669 
19835 


:       30026 

'  Mean.. 

I       1999T 

19679 

19846 

I       20634 

;       3017H 

I       30161 

I       201.54 

Mean.. 

3O041 


M 

30084 
199SS 
"19986 

20197 
30578 
30551 
"30564 
30416 
20tf41 
20328* 


30135 
20877 
30853 
30515 
20669 
30638 
30548 
S0436 
30433 
19605 
19861 
19951* 
80184 


-33        19802 


30092 

"30097 
199T4 
19656 

19834 
20612 


30019 
30043 
19580 
19445 


'Bracketed   quantities  are  interpolated  raluea;   eltber  dellecttoDa   or   osclllatli 
observed  for  theMeasei.     >8eTere  magnetic  storm.     •  Artlflclal  local  dUturbance. 
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SECOND   KEPORT    ON    MAGNETIC    WORK    IN    MARYLAND 


Table  XIX. — Continued. 

Valiies  of  the  horizontal  iutenxity  obsert'ed  at  varioutt  tttations  in  Maryland  between  the  years  IS96  and 

1899,  reduced  to  January  1,  1900. 


No. 


37 

37b 

37e 

37j 

38 

40 

41 

lA 
43 


44 

45 
46 
47 
47a 

48 

49 

50 

52 

53 

54 

56 

57 

57a 

58 

59 

60 

61 

63 

64 

65 

67 

68 

68a 

69 

70 

71 

72a 


73 
74 
76 


Station. 


Dat«. 


Local  mean 
time. 


Month 
and  day. 


S|  + 


00 


00 

a 

0) 

Q 


Magnetic 

moment 

at  16°  7  C. 


Hor.  In- 
tensity 
observed. 


Cardiflf,  R.  R ,  Nov. 

"        B.  St •  •  May 

»'        Slate  Q " 

»*       S.  H " 

Forest  Hill Nov. 

Unity  '' 

Damascus '* 

Linden,  A.  S " 

Crisfleld Dec. 


(i 


(t 


(t 


i( 


i( 


t( 


4 

4 
14 
14 

I 
14 
14 
25 

r» 
I 

7 
7 
7 


Tilghman  Is.. 
Woodstock  . . . 
Towson,  N.  M. 

S.  M. 


It 


(( 


it 


tt 


tt 


Hyde's   , 

Church  ville 

Thomas  Run I 

Highland  Mines i 

Minefield ' 

Dublin I 

Bradshaw 

Chestertowu,  N.   M...| 
'*         Wash.  Col. 

Tolchester ! 

Oxford 

Fair  Haven | 

Laurel 

Webb 

ivent  I.,  S.  o 

"      Stevensville  .1 

Seneca  

Maryland  Heights. ... 
»'  *♦    Hughes' 

Hancoclv \ 

Corunna  

Westernport 

Fairfax  Mou I 


May 


19 
23 
24 
26 

t 

8 

8 

14 

14 

15 

20 

29 

31 

June    1 

'»    25 

'«    26 

July     1 

16 

19 

20 


it 
tt 
tt 
tt 
tt 
1 1 
tt 
tt 


tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 


it 


tt 


tt 


27 

28 
28 
31 
Aug.    3 
5 
5 
6 


ti 
tt 
tt 


tt 


Camp  Fairfax "       < 

,  Baclcbone  Mtn Sept.    1 

!  Foleyjltn^^.^. .  .^   ^^     21 

♦Artificial  local  disturbance. 


6.85 
7.37 
7.37 
7.37 
6.85 
6.87 
6.87 
6.90 
6.93 
6.93 
6.93 
6.93 


Cambridge Apr.   17  :  7.29 


7.30 
7.31 
7.31 
7.32 

7.35 
7.35 
7.35 

I  .6t 

7.37 
7.37 
7.38 
7.41 
7.41 
7-42 
7.48 
7.49 
7.50 
7.54 
7.55 
7.55 
7.57 
7.57 
7.57 

7.58 
7.59 
7.59 
7.59 
7.60 


7.00 
7.67 
7.72 


h.  m. 
11  15 

9  55 

•    •   •   • 

8  39 

14  37 
10  26 

15  44 
15  50 

10  16 

11  17 
14  05 
14  46 


h.  m. 

I 

•   • 

10  09 
1186 

I    •  * 
15  25 

10  56 

17  28 

116  16 

10  89 

10  39 

14  24 

14  24 


I 


[31 9. 65 J 
317.46 
[317.74] 
[317.74] 
319.90 
319.87 
319.26 
319.17 
320.67 
318.72 
320.04 
319.37 


17  13   17  38  318.32 

11 

14 

16  38 
13  36 

17  40* 


10| 
24  f 


11  20 
14  30 

•  ■  •  • 

17  08 

18  59 

•  •  •  • 

14  09 

16  41 

17  05 

15  02 
11  48 
15  05 
17  04 
11  48 

8  36 
15  25 
15  48 

10  09 
15  57 

11  54 
15  45 

9  56 
l;j44 
13  40 


11  38 

17  12 

14  24 

8*38 

17  32 
11  35 
14  48 
14  37 


16  40 

|14  89 

17  11 

*  * 

15  26 
1  14 

'    •  • 

17  41 
12  26 


16  11 
10  32 
116  27 
12  37 
15  55 
10  27 
14  34 
14  15 


317.88 
317.82 
318.13 
317.96 

[317.99] 

318.00 

318.11 

[317.74] 

[317.74] 

[317.74] 

1317.74] 

317.93 

317.57 

[317.50] 

316.97 

318.04 

[316.87] 

316.39 

315.94 

[316.17] 

[316.81] 

316.86 

316.68 

316.65 

316.74 

316.70 

816.68 

314.90 

316.31 


8 
15 
15  26 
11  24 


57) 
27  ] 


10  10 
15  34 

11  48 


316.26 
316.21 
315.34 


y 
19494 
19065 
19849 
20108 
19546 
20057 
19738 
20003 
20660 
20786 
20789 
20772 

Mean. . 
20489 

20475 
19707 
19028 
19577 

Mean. . 
19.589 
19515 
19921 
19676 
19066 
18620 
19285 
20043 
20029 
19707 
20481 
20370 
19845 
19939 
20151 
19^54 
19824 
19916 
19873 
19716 
20182 
19982 
20213 
20194 
20244 


Si 


y 
-22 

-18 
-18 

—  18 
oo 

—  22 

—  22 

—  22 

—  21 

—  21 

—  21 

—  21 


—  19 

—  19 
-19 

—  19 

—  19 

•  •  •  • 

-19 
-19 
-19 

—  18 

—  18 

—  18 
-18 
-18 
-18 

—  18 

—  18 

—  18 

—  18 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 

—  17 


Mean.  .   —17 


30260 
20200  I 
20161  I 


-17 
—  16 
-16 


y 
19472 
19047 
19881 
20090 
19524 
20085 
19716 
19981 
20639 
20765 
20718 
20751 

20718 
20470 

20456 
19688 
19609 
19558 

19584 

19570 

19496 

19902 

19658 

19048 

18602 

19267 

20025* 

20011 

19689 

2046S 

20852 

19827 

19923 

20182 

19987 

19807 

19899 

19856 

19699 

20165 

19965 

20196 

20177 

20227 

20200" 

20248 
20184 
20145 


UASYJ^ASD   OBOLOOIOAI,  SDBVBT 
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Table  XIX. — Concluded. 

Valuet  of  the  horizontal  intensity  observed  at  various  stations  in  Maryland  beticeen  the  years  1896  and 

1899,  reduced  to  January  1,  1000. 


No. 


Station. 


Date. 


Local  moan 
time. 


Month 
and  Day.     3 


■a— 


fci-r 


00 

a 
O 


00 

c 


Ma«rnetic 

moment 

atl«°7C. 


Hor.  In- 
tensity 
observed. 


2-. 


-•■♦a 


M  OOi-i 

•P4 


77 
78 
79 
80 
81 
82 
83 
84 
85 
Sfi 
87 
88 
89 

90 
91 
92 
93 
94 
95 
96 
97 

98 
99 


100 
101 


Lower  Hill Sept. 

Snaggy  Mtn ** 

Tavlor»8  Hill Oct. 

Fike^sHlll,  E 

"  »«      W , 

Mason  and  Dixon  Line 


ti 


(i 


it 


25 
28 
2 
8 
13 
16 

Lonaconing Aug.  31 

15 
16 
16 
17 
19 
19 


t( 


Gaithersburg May 

1  Lisbon »* 

Sykcsville *♦ 

Reisterstown »♦ 

Manchester 

Taneytowu *' 

! 

Liberty i     »* 

McHenry '  June 

I  Accident,  S.  H. 

Grantsville .... 

New  Germany  . 

Swanton 

j  Paw  Paw,  W.  Va I      *» 

Parkton 


ii 


It 


it 


tt 


Havre  de  Grace 
Betterton 


ti 


Rising  Sun 
Calvert  . . . 


ti 


ti 


it 


it 


20 
6 
6 
7 
8 
9 
12 
14 


June  22 
22 


7.73 
7.74 
7.75 
7.77 
7.78 
7.79 
8.66 
9.37 
9.37 
9.37 
9.38 
9.38 
9.38 

9  38 
9.43 
9.43 
9.43 
9.44 
9.44 
9.44 
9.45 


20  9.47 

21  9.47 
21      9.47 


tt 


9.47 
9.47 


h.  m. 
17  10 

14  30 
10  23 

15  16 

13  49 

10  53 

16  :w 

15  58 

11  02 

16  22 
11  13 

8  07 
15  32 

8  13 

9  14 
11  04 

17  36 

18  47 
9  12 
9  16 
9  22 

11  54 

8  43 

9  43 
11  26 

14  20 

9  11 
4  11 


1 


} 


h.  m. 

17  49 

14  53. 

10  51 

15  44: 

13  21 

11  19 

16  34 
16  37 
11  25 
16  50 
11  40 

8  35 
16  06 

8  51' 

11  34 

18  04 

14  23 

9  40 
9  48 
9  57 

12  13 

9  IT 
12  17, 
14  49! 


316.85  » 

315.57 

315.73 

815.79 

315.81 

315.36 

312.53  1 

308.32 

308.75 

308.38 

308.96 

308.46 

307.95 

808.46 
308.62 
309.89 
308.57 
308.55 
308.79 
308.08 
308.44 

308.77  » 
308.13  » 
307.72  1 


959I  808.77  » 
4  3ll  308.17  » 


y 

20163 
20121 
20059 
20038 
20049 
19951 
19995 
19915 
19719 
20039 
20193 
19681 
19629 

19765 
19944 
19867 
19889 
19873 
20058 
19806 
19555 

19391 
19320 
19303 

Mean . . 
19585 
19528 


y 
-16 
-16 
-16 
-16 
-16 
-15 
-09 
-04 
-04 
-04 
-04 
-04 
-04 

-04 
-04 
-04 
-04 
-04 
-04 
-04 
-04 

-04  , 
-04 
-04  . 

•  •  •  • 

-04 
-04 


y 
20147 
20105 
20087 
20022 
20033 
19936 
19986 
19911 
19715 
20035 
20189 
19677 
19625 

19761 
19940 
19863 
19886 
19869 
20054 
19802 
19551 

19387 
1^)316 
19299 

I93O8' 
19579 
19524 


^Thermometer  defective. 


Artificial  local  disturbance. 


6 


88 


SECOND    RBPOBT    ON    MAGNETIC    WORK   IN    MARYLAND 


Table  XX. 


Values  of  the  horizontal  intensity  observed  by   the  United  States  Coast  and    Geodetic    Survey 

in  the  vicinity  of  Gaithersburg^  reduced  to  Jan.   1,  1900. 


Date. 


Local  Mean 
Time. 


3 


Station. 


Year  and  x%%  ^"^\   -C^d 


81?  I- I   S?-' 


Month  and   Decimal.     Osc.     Dell.  S|J'§g'    o§§ 


Observer. 


1 

h  m      h   m      / 

y 

7 

Gaithersburg  I. . . 

July 

7.. 

9.52 

10  43  f  »  18  1»^«-^ 

-3 

19780 

H. 

W.  Vehrenkamp. 

it 

10.. 

9.52 

9  32  1  "  ****  ^"*°^ 

-3 

19804 

J. 

A.  Fleming. 

i( 

24.. 

9.56 

1          Mean 

-3 

•     •    •     • 

19750 

H. 

W.   Vehrenkamp. 

19778 

Galthersburg  II  . 

(t 

8.. 

9.52 

^^  ']H  1040  19743 

-3 

1 

19740 

H. 

W.  Vehrenkamp. 

(t 

11.. 

i 

9.52 

9  34  1  ,^  02  19705 

1                        M  ean 

1 

1 

19702 
19721 

J. 

A.  Fleming. 

Gaithersburg  III. 

(t 

10..' 

9.52 

9:38}»'3  1»"' 

-8 

19768 

H. 

W.  Vehrenkamp. 

Warine 

it 

18.. 
14.. 

9.58 
9.58 

9:52  },«  26  18806 

,,««;} '9  34  19828 
8  17     9  16  20128 

-3 

1 
-3 

18803 
19825 

Middlebrook 

Cross  Roads  I  . . . 

tt 

15.. 

1 

9.54 

-8, 

20125 

Cross  Roads  II  . . 

t( 

17. .1 

9.54 

i  S^  38  1  8  •^'^  20180 

-8 

20177 

Redland 

li 

18.. 

9.54 

9  33  !  »  "2  20089 

-3 

20086 

Derwood 

ii 

19.. 

9.55 

If*]}  *«  203T9 

-3! 

20376 

Hunting  Hill 

ii 

30..' 

9.55 

9  35  (  »  «^  ^»«-'''* 

' 
-3| 

19851 

Quince  Orchard. . 

it 

21..' 

9.55 

«  21  j  8  54  19663 

1 

1 

19660 
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MAP   OF    THE    LINES   OF   Ei^UAL   HORIZONTAL   INTENSITY   FOB 

JANUARY  1,  1900. 

Plate  V. 
llic  graphical  method  was,  at  present,  pursued  as  in  the  case  of 
the  Other  elements.  A  small  preliminary  map  as  based  on  the  1896 
observations  was  published  in  the  First  Report  which,  of  course,  is 
supei'seded  by  the  present  one  based  on  all  observations  up  to  date. 
It  will  be  seen  that  the  three  isoniagnetic  maps  unite  in  exhibiting 
tlie  regional  disturbances  in  central  and  northeastern  Maryland.  A 
preliminary  examination  has  already  shown  that  a  comparative  study 
of  these  disturbances  with  the  geological  formations  will  prove  of 
interest  and  value.  The  Coast  and  Geodetic  Survey  is  pursuing 
the  investigation  of  these  disturbances  in  the  surrounding  states. 
For  this  reason  it  will  be  advisable  to  postpone  the  subject  until  the 
completion  of  that  work. 

The  Magnetic  Elemenis  and  Components  in  Maryland  for 

January  1,  1900. 

In  Table  XXI  are  summarized  from  the  previous  tables  all  the 
values  of  the  magnetic  elements,  declination,  inclination  and  hori- 
zontal intensity,  referred  to  January  1,  1900,  which  are  available  foi 
the  analysis  of  the  local  forces  disturbing  the  distribution  of  magne- 
tism within  the  State  of  Maryland.  Those  values  which  were  indi- 
cated in  the  previous  tables  as  disturbed  by  too  close  proximity  to 
some  artificial  disturbing  influence  have  been  omitted;  there  were 
but  few  such  cases.  The  quantities  desired  for  the  proposed  analysis 
are  the  "  magnetic  components  "  derived  from  the  magnetic  elements 
(i),  /,  //)  as  follows: 

Component  directed  due  north  : 

X=HoosD, (1) 

Component  directed  due  west : 

—  Y=HQmD, (2) 

Component  directed  vertically  downwards : 

Zm/ftan/,    .     .  (3) 

Total  component : 

\V=  H sec  7  =  V X'  +  Y'  +  Z' .   .     (4) 


00  SECOM)    KEPORT    OS    MAGNETIC    WORK    IN    MARYLAND 

}'  is  p<»sitivi!  wlirii  directed  towards  the  oast,  i.  e.,  when  the  niag- 
iit'tic  declinatinii  is  cast;  when  the  declination  is  west,  as  it  is  over 
the  center  state,  Y  is  negative.  The  values  of  ff,  Xy  F,  Z  and  W,  in 
order  to  avoid  decimal  points  are  again  expressed  in  gammas  (see 
l>p.  <►"»  and  MM. 


MARYLAND    GEOLOGICAL    SURVEY 


91 


8 


>. 


a 


a 
< 


o 

a 


90 

OQ 


OS 
{J 


O 

u 


O 


5 


•« 

^ 


S 

c 
a 

S 

o 


2» 

1. 

s 


I* 


> 


I- 


X 


^1« 


»  CO  ©  l> 
»*  C»  CO  ^ 

'^o  ©  © 

to  «  QO  9 


oi  00  a  00 

3i  «  OO  ^ 

W  I*  '^  « 

•h-  «0  l>  b- 

«C  «ft  *0  ift 


-^  «  *c  o: 
.  tn  »o  to  iti 
'"*«  '♦  «  '^^ 


Oft  3»  a  X 

•H  ^  5C  "♦* 
?»  t»  ©  t- 

'©  ©  ©  © 


i-N  •«-«^©^^9) 

©  •  01  -^  00  t*  X 

©  •©©©©© 

»a  •  o  :c  ift  tc  «c 


'-'  rr  « 

.     W  X  CO  ,-< 

o  oc  ©  ©  © 

^  ©  ©  ©  © 

tc  Ki  iti  tti  la 


©  »  eo  »«  w 
®  -^  ift  «  I" 

©  1-1  50  ©»  50 

©  —  ©  o  © 

lO  «c  cc  o  :c 


C')  ©  o  © 

•-<  "^  h-  CI 

lO  t*  ©  © 

©  o  ©  o 

«C  CO  «0  « 


*^  x»ecico»oioo*«i-(© 

*C  •X'*©"^»ftX-»«Qt>«OU? 

cc  .i>-r*«^«io©»coc^ 

cc  •:c«p<OcD«ot*cc««c;p 

<0  •tftiOtCtO)C«/)*^iftiAi2d 


©  ,-(  ift  ^  »5 

X  I"  »c  ©  © 

^  t*  ©  ©  © 

®  O  t»  l-  CO 

ifi  tti  kfi  ifi  iti 


>o  d  «  CJ 

9  ©  X  o 

■     ©  X  ©  X 
r^OJ  ©   ©   © 


© 


X 

© 


71 

50 


'^09XQOXcC'<44t«XO 
©©X^9)X©i-H<^^ 
Xt«-X©X-t<©i-t©© 


©  ub 

•  ©  «  ©  r-  X 

•  CI  «  1-H  rH  ,-1 


©  -^ 
t>-  '^  01 


00  I'-  ©  X 

•  ^'^  ^  s  * 

.  ^  1ft  X  CO 
•  b»  l^  ?0  <0 

'  tti  iC  »ei  ui 


01  »o  X  -<* 

SCO  tft  f-i 
I-  X  t- 


©i-<©©©COt-©00C0 

oi3'X«xooto©'^oi 
©©©©©©©©©© 


X  ©  CO  •H  X 

•  Ol  ©  X  iO  (^ 

•  ©  ©  tft  *c  c 

•  ©©©©© 

•  01  r-l  »-(  i-H  e» 


I* 

00 

© 


SIC  oo 
ec  © 

©  © 

r-"  1-1  CI 


©  01 
^  CI 

©  © 
©  © 

CI  i-< 


©  -^  t- 

X  X  <o 
tO  1ft  CI 

©  ©  © 


§•©©©©©©©©© 
•CI'^i-^i-'thCIi-i^^i^ 


t-  © 

X  t* 

1-1  tft 

© 


Ift  1-1 
©  1ft 

©  © 


c> 

1-^ 

«o 
© 

CI 


Ift  Ift 

00  5C 

,-t  © 

CI  ci 


t-  Ift 
t-  c» 

© 


<0  •  CI 

X 

© 


©  ©  ©  •  © 

I— I  1-H  CI   •1-1 


©  "^  -t 

b-  CI  to 
Ift  Ift  Ift 

©  ©  © 

rH  r-i  CI 


®  Ift  t«-  50  '-^'©  1-1  ©  ©  CO  CO  b^ 


©  *♦<  50  1-1  » 


«  ©  ©  © 


© 
CI 


s 


^  f  CI  CI  » 

•    •    •    • 

t-  so  -*  -»«  ; 
-t"  -^  •*  Ift  ; 

o  ©  ©  ©  © 

V  ^^©iftt»©l*    t»t-^H®t-lftl>©t»©lfti-^©«l>«OCICO'fCOX 


X  © 
©  00 

©  © 


-*  © 

00  00 


ift  1-1  CO 

Ift  Ift  1-1 

©  ©  ^ 
t-  t-  t* 


©  1ft 
©  © 


Ift  t- 

Ift  1ft 

©  © 


CI 

Ift 

3 


Ol  CI 

CI  i» 

©  © 


X  © 

1ft  © 

©  »H 
t-  b- 


©   •© 


1-1  CI  X 

1-1  ©  Ift 

•-4  1-H  © 
I-  t^  CO 


00  CI  Ift  oo  »  CO 

O     Ift  1-1  Ift  1-4  1ft  © 
OC  ij*  CO  ^  CO  ^ 


Ift      *iftlftlftlftiftt«lft©COlftlftlftCOift'^lft'«(«lftiftift^ 


1ft  © 
o  © 


CI  f  CO 

CO  tf:  CI 


^  c» 

©  •ft 


1-1  © 

rH  © 


©  00 
CI  Ift 


-*•  Ift 

Ift  CI 


CO  © 
CO  Ift 


CO    Ift    1-H 
1-H    -*«   CI 


©  l-  CO 

1-H    d    -f 


CIOIi-i'^©©'»t<CliHlft©'^«0©ClCO©©©»b-Xt-r-l*lft«»'>t- 


.3  .  d 

«  is 

n  o 

^  0u 


l^'f 


W  «  ©  CO  -H  t*  OC 
©  CI  Ift  "^  ©  Ift  50 

©  X  X  X  ©  X  CO 

r*  «>  t*  t^  t*  t-  i> 


t>-  © 

CI  d 

«  CO 


©  -♦» 

i««  CO 

CO  CO 


CO  d 
CO  d 

^  CO 


©  X 
d  00 


CO  CO  CO 

t-  t-  t- 


^  CO 
CO  CO 


d  d 

1ft  Ift 

1ft  Ift 


h-  d 

1ft  1ft 

CO  CO 


o  © 
1-t  Ift 

t*  CO 

t*  I'" 


©  © 
Ift  ^ 

CO  1ft 


cc  t-  X 

©  Ift  Ift 

CO  lA  CO 
I-  t*  h- 


©•-■COd©©^d©eO©©COXi-'-«©-»»C0^50COiftCOCOiftlftXX 


3 


X  d  00 
CI  CO  oo 


d  ©  <ft 

oo  00  ^ 


©  ©  ©  ©  ©  ©  X 

oo  00  CO  00  oo  CO  oo 


I 


•^ 

I" 


55 

o 

1-H 

< 

H 

X 


s8 


«0  X 
1ft  Ift 

X  X 

so  so 


Ift  Ift 

©  ^ 

©  © 

00  00 


"^  Ift 
d  d 

©  © 

00  CO 


b-  ©  © 

d  CI  ri 

©  ©  © 
00  00  oo 


o 

a  ^  o 

*«  «s  o 

S  ^  c  S- 

•^  08  O    0  >«n 


-5.2 


o 


>  "O  o     •  o 


©  CI 

so  ef> 

©  X 

oo  oo 


oo  b- 

Ift  Ift 

X  X 

CO  oo 


d  © 

CI  CO 

©  © 
oo  oo 


©  f 

Ct  CO 

©  © 

CO  00 


"^  CO 

CO  CO 

©  © 

CO  00 


08 


a  ^ 


a 

if 
o 


••14 

u 


c 
o 


^  ^  CO 

©  ©  X 

oo  oo  00 


Hi:*' 

O    4) 


a;    4> 


—    ■'   o 


*  s  a 


IC 


a 

9 


Q   a>   x>  J^   lo  ^- 


5nI:fleo«fliro90fc.»s^'Cfl«fc-».i5  ;^  «  oa  ^  ►r  — .  .S  oa  as 

2::^PKioa'<^ecHoatf  =  yfi^aHQ»:  oo  5^  H  ^  ^  w  tf  o  h^; 

"6  o"  -<  '  a 


o 
5r, 


I-  © 


CO  CO  ©  O  C   5©  ©  50  CI    ,^  CO  I-  X   © 

»'?»dd;oco5t»r5«i3''^3r'*<'- 


l-  X  CI  ©  CO  X 

©  01  oo  1-I  X  X 


©^  •'l- 

r  d  M  ':* 
d 


©  c 


92  SECOND    REPORT    ON    MAGNETIC    WORK    IW    UABVLASD 


YS 


'innnnnnnnnt^n?. 


3'- 


3&3AaA0a«9t3^ 


MARYLAND    OEOLOOIOAL   SDBVEY 


93 


3 
C 


u 
C 

Urn 

X 


03 


o 
US 


2  u 


c 


■ 

c 
•-J 


•c 


9 

3 
C 


I    » 


X 
X 

H 

a 

< 


o 

a 

a 

s 

o 
o 

o    * 

,  :  I 

9 
V. 

e  as 


ec 


Cl  CD 

oi  e 


■4^ 


00 


X  o 

to  *0 


00 

o 
o 


X 
to 


^  ^^  r^  iZ 
»-^  a  t»  Oi 
X  CO  OC  00 

O  '-'  c  o 

cc  CO  »  cc 


X  CO  ^  ei 

Oi  l>  X  l' 

X  »  O  1-H 

t-  X  ^•  i' 

<o  tC  «c  <o 


•    •    • 


^ft    •     •    •    •     ' 


X  U7  9 
CO  Si  O 

«  •-  2* 

o  o  o 

CO  CO  CD 


^  w  5? 

-^  eo  o 


«  o 

-♦»  O  "^  CO  c 
t>-  CO  X  o  ©» 

fH  O  CId  Q  Q 

CO  CO  iO  CO  o 


CO 
CO 


CD 

CO 

'X 


s 


o 

o 

;^oo 


X  CO 

X  c» 

a  X 


OS  CO 
CO  ^ 


t*  o  t>- 

r-  CO  "«♦< 

O  CO  o»  tc 
eo  5^  '^  »-• 


s 


09 

o 

X 

0» 


f-t  ift  1-1  o 

^M  Q  CO  <-• 

90  O^  aC  -^ 

X  X  Oft  ^ 


o» 

X 
X 
01 


OJ 

X 
X 


I'-  "^  i« 
e«  CO  i^ 
ot  X  t- 

CO  CO  CO 
<0  iO  to 


»0  "^  rH 

CO  ^  t>- 

01  «  iH 


OS  CO  01  o  0» 
Q  X  rH  oa  GQ 
O  X  ^  CO  O 
X  CO  CO  CO  t« 
lO  iO  to  to  iO 


•  to  Ol  Ol  00  « 

•  CI  so  l>  CO  t- 

•  CO  ©  05  M  OO 

•  1-1  0»  ^  01  l-H 


^  •*<  » 

S  «0  ^ 
Oft  o:  OS 


.  X  -^  ©  »-•  cs 

.-«#<©»  o»  to 

•  CO  X  *^  ^  ^ 

•  ^  w  OS  OS  OS 


X 

^co 

OS 


.g^ 


o> 


.ggtO 


s 

OS 


o)  X  X  n 

g^  to  I- 
©  CO  -♦» 
X  OS  OS  OS 


© 

OS 


•©i-HC9XtOi-iOSi-iX 
•»C0^Xi-H-^X»O© 

•  ©x©SP^"©«^- 

•  ©OS©&OS©9^ 
OlrH^i-trHOlr-ltH 


o 

s 


t-©XOSXCO«WO&XtOcOOiO»XXCO©asXb-OS^  l>^iOtOcC 

r-00i-irH0>0StO*-'©0&-Hb-O»-it0l'-C0X^©30t0C0  'c<it-t-t-i* 

»O^tO©OlS000i-H©»Ot-t0<IOl©-^COtO©»H»OcO^»  .OlCO'^-'I'fH 

©©©^^©©0»C«©i-t©©r-lOO©i^CO«H©©©©  'i-H©©©^ 


*»d 


©  .  C9  OS 

a  •     • 

CO  !  -^  CO 

«  .  »0  CO 


X  .  X  CO  iH  oo 


O  lO 


to  to 


to 
»o 


*  X  ^  r-»  »0 

;  ©  ©  '^  00 

©  I-  to  "^ 


X 


.  CO  ©  OS 

!  to*  Ot  CO 
*  00  to  to 


.  b"  X  OS  X  to 

•    •    •    •    • 

'  OQ  ^  -^  -^  *0 
•  1*  to  -"H  OO  © 


r*©^   -*iO«ecO'^ 


i^-*i-i5sx©eot-coi-Hi-ii-ir-i©i-itoeo©©©i-i©oioii-t©ootoos 
^xtoo7os®«>toojc<»©©©'^©x©©©©©©xri^'*"^xeo 

©»H*HOI^-^^'-«C«l?J0l«0»C»S«Ji-iClO>0»0J0»»-l'*tO©©-S'Tf© 

CO©©©COO©©©©©©©©CO©COCD©©©©©©l'*©©>OCD 


5^5 


as      \ 


'<t<CO:OOS«-i^O:<-iO)tOCOO)CQC9cOO)OOiO©©09COC9©r-i©©toaS 

cie»oO'^iOiox©o:©eococoeo50coeoo»9ocjcooi©©©c»c»x»-i 

0OeO0OCOCOCO0OeO30'^"«*i^^^'1''**"*^«*"^^^T-(OlO»r-lri»H0» 

OiOSO«OS©AOSOS©©990S©9©9©(g9A©©OSA90S©© 
OOOOOOOOCOCOSOOOOOOOOOCOOOOOOOOOCOOOwOOOOOOOOOCOOOOOOOCOOO 


o 

H 

7j 


OS 
l4 


a 

hi 


oi  ^  ^ 

fl  S  " 

P  fc*  0} 

P  0  u 


©  ** 


o 


a 

p 
OS 

00 

08 

a 

o 


n 


•a 

u 


o 


OQ 


o 

hi 

08 


•*     •   '-   h.   -• 

.    o8  "O    o8    2  J2  ■     ►• 

•"•   p 


"        •      .  >    O    >»  o8    S    * 

S-o'cc^  5 1 5  W  S 


08 
"    08 


9u 


p 
c 


p 
o 


09 

«> 
Jp 


•r©^:g  «o2*'3 


« 

OB 

OD 
08 


p 
o 


;«!: 


X  «   OS  X  1-"  ©  to  «f  90  01  I"  I-  I"  »'  t-  t-  t-  l-  h-  t*  t-  t»  »-f  O  »«  l-  X  ©  O: 

©W"*CO«O«OtO«O»OiO»COC0CO50Xe0WCOCO?300C0'^X»O»O         OS 


94 


SECOND    REPORT   ON    MAGNBTIO   WORK    IN    MARYLAND 


s 


lu 

a 


«  i: 
a  " 


S*  * 


"3 

O 

••Ml 


V      ■ 


09 

•-a 

2 

a 


o 
V 


a 
e 
«-■ 
a 
o 

o 


o 

c 
3: 


.      08 

fin 


X 

pa 

•J 

-< 


&. 

A 


S3 ' 


to 


OP 

c 


c 


'^  ^ 
* 


3«' 


C)  t^  a  <^ 

X  r^  ^  <-« 

r>.r-  cc  "ft  ^ 

Ob  9  Q  o 
»c  *o  »e  «c 


«  CO  04  « 

."«*  91  •-  c 

O  «0  CP  t- 
tfi  tci  ^  tn 


ot    •eocc^xe»o<-)OxxapXf-4 

^       .  e^  ^  <•*   ^«  #♦.  <^  ^  ^^  ^  ^^  ^  ^Bk   .«^ 


*  92  25  '*'  *■'  - 

•  O  O  A  Ci  Ob 
•c  -c  »ft  i«  »n 


o  o 

CC  CD 


O  op  X  ap  X 


O  9i 


o 


«C  50  t* 

®  t-  ec 

OO  «  X 
0  06  0)04 
CD  lO  lO  *o 


;s     •  o  •«  **  t* 


s 


•  0*C^r-OOt«;CiOO)0«PO(^Xit; 

.CO«X0OCC'*'*<»CC6«C^^3:^©O8 

xcaift^t^xo^ttf^wt-iftW"* 


,^0  «  —  b- 


_    _  _  •     •  00 

dooocx     •     •     ••^ 


»«»o«x-*^^-»ft^"0&c»i« 

04  ^  X  Ci  O  X  Cl  C»  «  «  '^  ■» 
'^t  ^  r-<  f-'  C)  r«  9)  1-t  «  Oi  C« 


O  O  tft 
l"-  .-<  ^ 

X  o  ^ 


^  «  04 

ec  t*  » 
e>  X  rt 

O  Ob  04 
CO  i.'T  *^ 


•  04  »  «C 

•  -^  QD  -C 

•  r«  00  o 

ic  25  iirS 


l"*  X 


^  l-  CC  CO 

*?!  CC  -^  X 

.1-  Ot  OS  t* 

06  04  9  04 


O  ^  «  I- 

CO  X  X  o 

^■oi'-  O:  OS  X 

OS  OS  04   04 


oo 

CO 


CO  ,X»Q»C.-*OXCO-<-t?lOi-H      .O 

«  ,i^o?jx-^i-t-©«o^cowt     !^w.  ^ 

C*  .^CDXCOCOOCCXl^OCOS      '(OOSCC 

04  .0060S060490SXOSOQOS      'OSOSOS 

«-•  .COOi>HOOXXOO<CU;t-COCOCieCO 

»5  .»-;o^xo«copsoc«oir-x»oco»5i-i 

X  .?3cOOSt«t>-r«t-XX«^«^QCO«Oh- 

04  .0  04  0S040SOS04XOS000040SOOS 


O  O 


OS  r*  I- 

X  OS  -?> 

r-l  r-   X 

O  ©  OS 

?»  «  1-< 


OS  w  't  i^  «  e» 


OS  tC  ^  Ift 


©«OlC04coxt-^-xcol«-os^*Cl©•^© 


r-  «  "«»<  ^  ^  « 
■^  c»  ^  «  «e  © 

©©©©©© 

1>-  t-  C*  l^  I-  !>• 


04-^«x»oooxt»e»ifto&«^x^'*»04e»»c©»or-  — 

iCC>i-HiCO>^'^'«t«^'^0O'^XO1iO'^7)-^^7I«-'^ 

©©©©©©©©©•-|©©©©©©0©©©C© 


©  «  CO  «  I'-  «-•  I'-  06 


«  i*|  c« 


to  OS 


•  ©  o 


s^   -■,    v.-  ■*-«»—  ^-'  «.-  w»       •  W   *ft  CO  ©  ©  CI  OS  W  »H  ^  X  X       •  V€  -^'  V* 

•         ••••••••••••«••■•••••••• 

XX©XCMO»'^OS      •eOCOX^«CX»C©»-i'*©X      'OlIOCl 
OO^^CCWCC^©      •C»'-<»-i-J«4C?l©»»«»O©»-<C0      •CO'^r-i 

oo9:xo)C7  0ioco       x-^io>otoinco©«44CDco^      otCM*      >e«A 

»-i  »-i  c>  CO  :c  ei  CI  «  »-•  wt  -♦«  CI  Jft 

ooeooo©©ttosc>050siOT-ici-    -    - 

©©©C»C»©©^iC©f-li-ir-l-      -      - 
I'-  h-  t*  t-  I'-  I"  l«-  l>  «  I-  t"  l>-  b» 

l-  t-  I-  l>  l-  I*  t-  I-  1--  I-  I*  l-  I'. 

»0  t-  X  X  X  ©  ©  X   C?  C>  C>  T-1  « 

8©  ©  "^  "^  »o  »o  tO  t>-  l"-  t-  X  X 
©©©©©©©©©©©© 

OSCS0SO:O4OS04©©04O4©OS 
«CO3OCC«0C5O?O0OCCCC0OCO 


-  -  -  s 


s 
o 


o 
< 


pass- 


a 


rH  9)  CO  CO  CO  C)  C)  <o  te  X  O  C>  C) 

ic^<-i9>xictoooe9©©«ft© 

i-i^r-l©©Ci«OrNiftiC   -f»i5 

t<.b>t.b-r«t.{>t>b>cecDccco 
t-  I'  I*  b-  t*  »-  r-  t-  I*  r-  i-  t^  t- 

oi''"*xic*o»ci'-^r-©©oi 

©'  ,-1  OS  X  CO  00  CO  r^  ^  "^  OS*  c£? 

^iH©©i-li-(rH»-l^'*<^© 
OS0sa6a6OS©069OSXXXO4 

sococoncQoooocooooooomec 


CD 

o 


93 

T-        a  ^r 


*   it 

.a  u 


•a  o 


o 


V 


0) 


.^        0)        W        ^        w 

=  5   ©   a   es 


c  ^ 
.   fc.   o 

c  *  « 

*^  S  2 
^2  g 


a 
o 


•O 

08 
C 

OS'S 
a  »« 

A    OS    O 


•a 

o 


«^ 


s 
.a  O 

9> 


•s  5  3  «  5s  P 


x; 


^  ^  C>  t<-  l'  CJ  C>  T.   C  I'-  C 

■^jiccr?o*^ccc©c. 


1 


«<      «      w      C 

f  -^  -f  -t"  C)  tt  -t  »0  CO 

r  'x.  x.  X  c  ©  ©  ©  © 


CO  CO  ©   r-i  ^ 
Ol  C>  "f  "* 


©  c>  ^ 

f-  CO 


MARYLAND    GEOLOOICAL   SURVEY 


95 


s 


a 
a 

s 
e 


X 

X 


•3 


© 

o 


a 
n 

i 

a 

I 

B 

5 

9 

9S 


s« 


•Olr1rHf-iT-i©i,H?>.-ti-HiHr1r-.-l*HrH,-lrH.-' 


O 


-  —  -'  —  ^  —  —  -'—'-'  —  —  —  MOOOOSOQO-HlO 


OCD^'-^lO»«OQt>009»t« 


-^      -  w  >w  "^^  'nr  U3  ^  ^  ^u  vw  w  K'~  v^  vrf  «>4  w  ^«>  u 

g*0»OOOOOOQ9a»3»9»9OOQC 


VS  tti  tti  -^  CI 

~  ~  ©  ©  o 
«  «  « 


I 


^s 


c 
X 


B; 


a 
I    ^ 
o 

c 


xt-r»'f-<tic»i>?i©«o»'ft<ost-x»x>oo«cc«e 

'?ioie»eo-*<oO'^©©^"^'^*««o»o»c»ooooo»Oi« 

©©©©9:a»OdO©©©©©©©a»a»o»o»»o» 


c 
o 


r  5 


a 


3^? 


'^    X 

• 

X 
0) 

O     tO 


•  •••  ••••••••■••••■ 

!'-<WC0e0^i-H.-ifHi-Hi-lW«OGQXOT»HCO»fth- 
;©«ftiO«C'^^eO"*500l^05cOr-tCOe'li-<OOCO 


V  ©Xt-»-it-CtifliftO'^»C©XOSCO'?>«XX»X 

2  8 


CI  X  CO 
«  »H  © 


X  'I*  »  «  ©  © 
CO  -^  -^  "^  1-t  •?! 


2« 


«-^5 


^*  ^^  ^^ 


©  X  © 

^  »  o> 


CO  90 
OO  01 


©  ©  © 
r-  I'- 1* 


©  ©  lO  Md  ©  © 
^•  b»  I--  b-  l"-  »^ 


©  b- 


b»  r-  h- 

t*  b»  h- 


X  to  to 
t*  I-  t* 


»o  *o 
I-  t* 


lO  *o 


«0 

o 


i^: 


V  0iX»O-»»©iO^'^04©l'-'»'^»-<©'^XXiO0fc© 


30  X  ff» 

to  to  © 

X  X  06 
OQ  90  00 


i''©oao>'-'©i©e6©xx»-«o»cc^©Oi© 
,-HC«»Of-^"«*-^'^f-te»coeO'*e»CT©f-^f-4M 

xxt«xxxX9»oia»9a&xxxxxx 

0O300O9O0O0OCO0OeOeC0O0O0O0O?90O0O0O 


V 

I 


Km 


I 


g 


?5 

o 

M 

H 

X 


PQ  » 
OQ   ► 


a 


•sr  '^  *» 


..  00    ► 


d  ^ 


©  © 


« 


•5  2 


« 

a 


a  o 

o   « 


a 

it 


•o  a 

"J5 


GO 


be 

a 
e  it 


4    V 


T:    H  ^    OS    « 


hi  «    o 

!«      a 

OS  OS 


%  btO 


«  «  o 

^2    hi    u 

4  «i  O 


X  ©  to  00  ©  9  iO 
-^  »-i  M^  ^ 


t-  X  X  CI  cs»  ©  t-  X  J.*: 

©    ©    (M   01  ,-H    1-H    »- 


R 

■ 

s.; 

^ 

a 

a 

09 

o 

hi 

« 

a 

o 

V 

QQ 

OQO 

"^ 

CO 

o» 

96  SECOND    RKPORT    ON    MAGNKTIC    WOUK    IN    MARYLAND 

PRELIMINARY  ATTEMPT  AT  AN  ANALYSIS  OF  THE  TERRESTRIAL  MAGNETIC 

FIELD  IN  MARYLAND. 

The  first  thing  necessary  is  to  determine  the  distribution  of  mag- 
netism prevalent  in  Maryland  if  the  local  disturbing  influences  did 
not  exist.  This  distribution  we  shall  call  the  uniform  or  normal  dis- 
tribution and  shall  define  it  as  that  due  to  a  potential  V  resulting 
from  a  homogeneous  or  uniform  magnetization  of  Maryland.  If  u 
be  the  co-latitude  and  /  the  longitude  (counted  positive  to  the  east) 
of  a  station  and  i/n,  ^n?  the  co-latitude  and  longitude,  respectively, 
of  the  intersection  of  the  magnetic  axis  of  the  uniform  magnetic 
distribution  with  the  Northern  Hemisphere  and  c  =  |  7r/i  ,  in  whieli 
u  is  the  intensity  of  magnetization  per  unit  of  volume,  then  is:  * 

—  V=:  c.cos  w„  cos  V  -f-  ^'.sin  t/„  sin  u  cos  (/„  —  /) ,    .     .  (5) 

Xz=z  c.cos  Un  sin  M  —  c.sin  u„  cos  u  cos  (/„  —  /) ,    .     •  (6) 

Fzzic.sin  w^  sin  (/„  —  /), (7) 

Z  =  2c.cos  i/„  cos  u  +  2c.sin  u^  sin  i/  cos  (/„  —  /) .     .  (8) 

It  will  be  seen  that  we  assume  as  our  uniform  field  one  that  is 
physically  in terpre table,  in  which  the  normal  components  are  not 
derived  indejx?ndently  from  empirical  formulsa,  as  is  frequently  done, 
but  instead  all  derivable  from  one  function  and  thus  referring  to  a 
common  system  of  magnetic  distribution. 

The  quantities  to  be  operated  with  are  the  components  X,  Yy  Zy 
given  in  Table  XXI.  Adapting  equations  (6),  (7)  and  (8)  to  least 
square  treatment,  supposing  c,  u„  and  ^^  to  be  unknowns  and  pnttin*:; 
;P  =z  c.cos  w,, ,  y  =  c.sin  w„  sin  /  and  z  =  c.sin  u,^  cos  /„,  we  obtain 
as  conditional  equations, 

X=.x  sin  u  —  y  cos  u  sin  /  —  z  cos  u  cos  / ,     .     .     .     (9) 

y=  y  cos  / —  2  sin  /, (10) 

Z  =  2.T  cos  n  -f-  2y  sin  u  sin  /  +  2s  sin  u  cos  /  .     .     .  (11) 

As  far  as  the  final  results  are  concerned,  it  is  immaterial  whether 
the  normal  equations  are  obtained  from  these  equations  in  the  form 
given  or  if  both  members  of  equation  (11)  be  divided  through  by  2 

'  See  Journal  ''Terrestrial  Magnetism,"  Vol.  iv,  p.  40,  and  Vol.  vi,  p.  20. 
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before  forming  the  normal  equations.  If  the  latter  procedure  be 
followed  then  the  normal  equations,  supposing  there  are  n  stations, 
reduce  to  the  following  simple  form: 

n 

na?  z=  ^(Xsin  u-f-iZcosii), (12) 


o 
n 


nyz=2\  ( — ^  cos  w  sin  >l  +  Y  cos  /  +  ^Z  sin  w  sin  /) ,    .     .     .  (13) 


o 
n 


nz  =z   ^^  { — X  cos  u  cos  X  —  F  sin  /  +  JZ  sin  u  cos  X),     .     .     .  (14) 

o 

From  which  a:,  y,  z  can  be  found  and  tan  /„  ^  -  ,  tan  u^  = 

\/,v^  +  r  and  c  =2;  sec  u„ (15) 


X 


In  forming  the  normal  equations  it  was  thought  best  to  give  each 
component  equal  weight  and  not  to  assign  a  system  of  weights  deriv- 
able merely  from  the  error  of  observation,  e.  g.  inversely  as  the  square 
of  the  probable  error;  thus  the  Y  component  would  obtain  the  great- 
est weight  and  the  Z  component  the  least  weight,  whereas  in  reality 
the  Z  component  is  the  most  effective  one  in  the  determination  of 
the  uniform  distribution  and  the  Y  component  the  least  effective. 

The  available  values  of  X,  F,  Z,  as  given  in  Table  I,  were  com- 
bined into  16  groups  so  as  to  eliminate  as  far  as  possible  local 
disturbances.    The  resulting  normal  equations  were: 

16a?  =  5.33585,  hence  a:  =-f  0.33349,       .     .     .(16) 
16yz=  1.52469,  hence  y  = +  0.09529,       .     .     .  (17) 

162  =  0.06576 ,  hence  z  =  +  0.0041 1 ,       ...  (18) 

Substituting  these  values  in  (15)  we  have 

/.„  =  87°3r.8  W,  ti„  =  15°57'.5  or  <p^  =  74°02'.5  and  c  =  0.34686  .  (19) 

With  these  values  equations  (6),  (7)  and  (8),  using  the  latitude 
instead  of  the  co-latitude  u,  become: 

X=  [9.52308]  cos  f  —  [8.97940]  sin  <f  cos  (/  —  87°31'.8) ,    (20) 

—  Y=  [8.97940]  Bin  (;.  — 87°31'.8),    (21) 

Z  =  [9.82411]  sin  (p  +  [9.28043]  cos  <p  cos  (/  —  87°3r.8) .    (22) 

The  bracketed  quantities  are  the  logarithms  of  the  coefficients. 
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With  the  aid  of  equations  (20),  (21)  and  (22)  the  uniform  or  nor- 
mal or  undisturbed  magnetic  components  can  be  computed  for  any 
station  of  which  the  latitude  and  longitude  are  known.  Computing 
them  for  the  stations  given  in  Table  XXI  and  subtracting  the  com- 
puted or  normal  values  of  A',  Y  and  Z  from  those  deduced  from 
the  observed  magnetic  elements,  the  residual  magnetic  components 
J  X,  J  Y,  J  Z  are  derived  which  represent  the  effect  of  the  forces 
disturbing  the  uniform  magnetic  distribution.  From  the  residual 
components  the  direction  of  the  magnetic  needle  assumed,  if  the 
uniform  field  were  eliminated  or  annulled  and  simply  the  local  dis- 
turbing forces  were  operative,  can  be  determined.  Thus  the  mag- 
netic declination  due  alone  to  the  disturbing  forces  is  given  by  the 

equation  tan  D^=z  .  ,;.,the  dip  by  tan  7^=  /j'y^X-  J'V"^'  ^^^^  hori- 
zontal intensity,  by  Hf.=z\/JX'^  +  JY^  and  the  total  intensity  by 
Wr  =  \^JX''  +  J  Y'  -f  J  Z'\ 

A  preliminary  map  showing  the  effect  and  the  location  of  the  dis- 
turbing forces  has  been  constructed  and  a  number  of  deductions  of 
interest  alike  to  the  geologist  and  the  magnetician  have  been  drawn. 
Owing  to  pending  additional  investigations,  the  publication  of  the 
map  will  be  deferred  until  it  can  be  put  in  its  final  form. 

In  conclusion,  I  desire  to  make  acknowledgment  of  the  effective 
assistance  rendered  in  the  computations  and  in  the  construction  of  the 
charts  by  Messrs.  J.  A.  Fleming  and  W.  F.  Wallis,  both  of  the  Coast 
and  Geodetic  Survey. 
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FINAL  REPORT 

ON   THE 

SURVEY  OF  THE  BOUNDARY  LINE  BETWEEN 
ALLEGANY  AND  GARRETT  COUNTIES/ 

BY 

L.  A.  BAUER,  Chief  of  Party. 


Inteoduction. 

A  perusal  of  the  following  act  passed  by  the  Maryland  Legislature 
at  the  January  session,  1898,  will  explain  the  nature  and  purpose  of 
this  survey. 

LAWS  OF  MARYLAND,  1898. 

Chapter  304. 

AN  ACT  to  provide  for  the  definite  estahlishment  and  location  of  the  boun- 
dary line  between  Allegany  and  Garrett  counties.  In  order  to  bring 
under  the  assessment  law  certain  untaxed  lands  in  said  counties.     (Jan- 
uary session,  chapter  304.) 
Whereas,  By  chapter  212  of  the  Acts  of  Assembly  of  1872,  provision  was 
made  for  the  formation  and  establishment  of  Garrett  county  out  of  the 
lands  within  the  then  corporate  limits  of  Allegany  county;  and 

Whereas,  Provision  was  by  said  Act  also  made  for  a  survey  of  the  boundary 
lines  of  said  counties,  as  established  by  said  Act  between  certain  terminal 
points  therein  named,  and  that  return  of  said  survey  and  the  plats  of  said 
lines  should  be  reported  to  and  filed  with  the  Governor,  the  County  Com- 
missioners and  the  clerk  of  the  Circuit  Court  for  Allegany  county,  under 
certain  provisions  in  said  Act  contained,  which  provisions  were  complied 
with,  but  the  said  returns  and  plats  have  not  been  returned  in  compliance 
with  the  requirements;  and 

Whereas,  By  reason  of  said  failure  to  make  said  return  and  file  said 
plats,  the  boundary  line  between  said  counties  is  now  an  unsettled  question, 
thus  involving  both  questions  of  jurisdiction  of  courts  and  the  rights  of 
taxation-  and. 

Whereas,  There  are  now  large  and  valuable  areas  of  land  in  both  of  said 
counties  untaxed  or  nnassessed,  to  the  great  loss  and  injury  of  said  counties, 
as  well  as  the  state  of  Maryland;  and 

^  A  preliminary  report  was  published  by  the  Survey  in  September,  1898. 
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Whereas,  It  is  to  the  interest  of  all  of  the  taxpayers  of  said  counties  and 
the  state  of  Maryland,  that  said  boundary  line  should  be  definitely  located, 
and  thus  increase  the  taxable  areas  of  said  counties;  therefore 

Section  1.  Be  it  enacted  by  the  General  Assembly  of  Maryland,  That  im- 
mediately after  the  passage  of  this  Act  the  Governor  shall  appoint  or  pro- 
cure the  services  of  a  competent  and  skillful  civil  engineer  or  surveyor, 
who  shall  at  once  survey  and  definitely  locate  on  the  ground  the  boundary 
line  between  Allegany  and  Garrett  counties,  on  line  between  terminal  points 
established  by  chapter  212  of  the  Acts  of  1872,  which  said  civil  engineer  or 
surveyor  shall  employ,  at  his  own  cost,  the  necessary  chainmen  and  axmen, 
or  other  necessary  assistance,  and  procure  the  stones  for  marking  the  line 
as  hereinafter  provided;  and  for  all  said  services  of  said  engineer,  and  for 
his  expenses  for  chainmen,  axmen  and  other  assistance,  and  for  stones, 
plats  and  all  materials  used  by  him,  he  shall  be  paid  a  sum  of  money 
not  exceeding  one  thousand  dollars,  one-half  thereof  by  the  County  Com- 
missioners of  Allegany  county  and  one-half  thereof  by  the  county  commis- 
sioners of  Garrett  county;  and  said  commissioners  of  said  counties  shall  in 
their  levies  of  taxes  next  occurring  after  the  passage  of  this  Act,  levy  the 
sum  of  five  hundred  dollars  for  each  of  said  counties  for  the  cost  of  said 
survey;  and  they  shall  pay  said  engineer  such  part  of  said  amount  as  is 
necessary  in  full  compensation  for  all  his  services,  assistance,  materials  and 
expenses  as  aforesaid;  and  the  Governor  shall  require  said  engineer  to  give 
bond  with  such  sureties  and  in  such  sum  as  he  shall  deem  proper  condi- 
tioned to  the  faithful  discharge  of  the  trust  reposed  in  him. 

Sec.  2.  Said  engineer  shall,  as  soon  as  he  has  surveyed  and  established 
the  true  division  line,  as  aforesaid,  permanently  mark  said  line  on  the 
ground  at  its  terminal  points,  and  along  said  line  by  planting  thereon  and 
along  the  same  suitable  stones,  properly  marked,  to  designate  said  division 
line,  so  placed  as  not  to  be  more  than  one  mile  apart  along  said  whole  line. 

Sec.  3.  And  be  it  enacted.  That  immediately  after  the  completion  of  said 
survey  said  engineer  shall  make  a  full  and  detailed  report  of  said  survey 
with  the  courses  and  distances  of  the  same  and  a  plat  of  the  same,  which 
report  and  plat  shall  be  made  in  triplicate,  and  one  each  of  the  same  shall 
be  filed  by  him  with  the  clerks  of  the  Circuit  Courts  for  Allegany  and 
Garrett  counties  and  one  with  the  Commissioner  of  the  Land  Office,  and 
be  recorded  by  said  officers  in  the  record  books  of  their  said  offices;  and  a 
copy  of  said  report  shall  be  also  transmitted  to  the  Governor,  who,  upon 
approval  of  the  same,  shall  notify  the  County  Commissioners  of  said  coun- 
ties, after  which  they  shall  make  full  payment  to  said  engineer  as  afore- 
said; but  nothing  in  this  Act  shall  be  construed  to  prevent  the  County  Com- 
missk)ner8  of  either  or  both  of  said  counties  from  advancing  to  said  en- 
gineer any  part  of  his  said  compensation  as  they  may  see  fit  prior  to  said 
final  payments,  upon  being  satisfied  from  the  progress  of  the  survey  that 
such  engineer  is  entitled  to  such  advance  payments;  and  upon  the  approval 
of  the  Governor  of  the  true  made  and  established  line  by  the  surveyor, 
approved  under  this  Act,  the  said  line  shall  be  and  is  hereby  made  the  legal 
and  established  boundary  line  between  Allegany  and  Garrett  counties,  be- 
tween the  terminal  points  as  established  by  chapter  212,  acts  of  1872. 

Sec.  4.    And  be  it  further  enacted,  That  said  boundary  line  shall  be  com- 
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pleted  and  permanently  established  within  one  year  from  the  date  of  the 
passage  of  this  Act. 

Sec.  5.    And  he  it  enacted.  That  this  Act  shall  take  effect  from  the  date  of 
its  passage. 
Approved  April  7,  1898. 

Lloyd  Lowndes, 

Oovemor. 
J.  WntT  Randall, 

President  of  the  Senate. 
Louis  Schaefeb, 

Speaker  of  the  House  of  Delegates, 

• 

The  original  act  referred  to  in  the  foregoing  is  as  follows : 

LAWS   OF   MARYLAND,  1872. 
Chapter  212. 

AN  ACT  to  provide  for  taking  the  vote  of  the  people  for  or  against  a  new 
county  in  certain  election  districts  in  Allegany  county  at  the  election 
to  be  held  in  the  fall  of  eighteen  hundred  and  seventy-two. 

Section  1.  Be  it  enacted  by  the  (General  Assembly  of  Maryland^  That  all 
that  part  of  Allegany  county  lying  south  and  west  of  a  line  beginning  at  the 
summit  of  Big  Back  Bone,  or  Savage  Mountain,  where  that  mountain  is 
crossed  by  Mason's  and  Dixon's  line,  and  running  thence  by  a  straight 
line  to  the  middle  of  Savage  River  where  it  empties  into  the  Potomac  River; 
thence  by  a  straight  line  to  the  nearest  point  or  boundary  of  the  State  of 
West  Virginia;  then  with  the  said  boundary  to  the  Fairfax  Stone  shall  be 
a  new  county,  to  be  called  the  county  of  Garrett;  provided  the  provisions  of 
this  Act  as  to  taking  census  of  the  people  and  the  area  of  the  said  new 
county,  and  the  sense  of  the  people  therein,  shall  be  complied  with  in 
accordance  with  the  Constitution  of  this  State.  .  .  . 

Sec.  11.  And  be  it  enacted,  That  .  .  .  and  on  application  of  five  citizens  of 
the  proposed  new  county  of  Garrett,  the  County  Surveyor  of  Allegany 
county  shall  at  once  run  and  locate  the  lines  of  the  proposed  new  county 
of  Garrett,  at  the  expense  of  said  petitioners,  and  shall  make  a  plat  of  said 
lines  and  report  the  same  to  the  Governor,  the  County  Commissioners  and 
the  clerk  of  the  Circuit  Court  for  Allegany  county,  to  be  by  him  recorded 
in  the  land  records  of  said  county,  said  report  to  be  made  under  oath. 

The  Governor,  being  empowered  to  appoint  the  civil  engineer  in 
charge  and  desiring  that  the  work  should  be  done  in  as  thorough 
a  manner  as  possible  and  in  accordance  with  modem  and  approved 
methods,  requested  the  Maryland  Geological  Survey,  through  its 
representative,  Professor  Wm.  Bullock  Clark,  to  undertake  the 
survey  of  the  desired  boundary  line.  Professor  Clark  accepted  the 
Grovemor's  proposal  and  referred  the  execution  of  the  work  to  my 
division. 
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It  will  be  noticed  that  the  act  made  no  provision  for  the  appoint- 
ment of  commissioners  or  surveyors  representing  the  counties  in- 
volved. This  was  a  great  oversight,  and  in  order  to  rectify  it,  the 
State  Greologist  requested  the  following  two  surveyors  to  represent 
their  respective  counties  and  to  render  me  any  assistance  in  their 
power,  viz. :  Mr.  AV.  McCuUoh  Brown  of  Garrett  county  and  Mr. 
John  Schaidt  of  Allegany  coimty.  Mr.  Schaidt,  finding  that  his 
private  interests  would  not  permit  him  to  accept,  reconunended  Mr. 
L.  L:  Beall,  who  accordingly  was  appointed  as  the  surveyor  repre- 
senting Allegany  county.  The  surveying  party  was  finally  com- 
posed as  follows: 

L.  A.  Bauer,  in  charge. 

L.  L.  Beall,  surveyor  for  Allegany  county. 

W.  McCulloh  Brown,  surveyor  for  Garrett  county. 

C.  A.  Ashby,  head  lineman. 

J.  M.  Harris,  r 

J.  L.  A.  Burrell,     J  Assistants. 

G.  P.  Blackiston,    ( 
The  necessary  axmen  and  laborers  were  hired  as  occasion  demanded. 

The  entire  instrumental  outfit,  with  the  exception  of  the  transits 
belonging  to  the  sun'eyors,  was  furnished  by  the  United  States  Coast 
and  Geodetic  Survey,  viz. : 

1.  8-inch  position  theodolite,  reading  with  the  aid  of  two  opposite 
micrometer  microscopes  to  2"  (by  estimation  to  ^  of  a  second)  and 
numbered  "133." 

2.  4-inch  Fauth  theodolite,  Xo.  163.  The  horizontal  limb  could 
be  read,  with  the  aid  of  tsvo  small  microscopes,  to  20"  and  the  ver- 
tical circle  to  30". 

3.  Magnetometer  "No.  18  and  attached  theodolite. 

4.  Kew  Dip  Circle  Xo.  56/4440. 

5.  Mean  Time  Chronometer,  Dent,  Xo.  2256. 

6.  Two  heliotropes  (Xos.  53  and  304). 

7.  50-foot  Steel  Tape  Ko.  86. 

Besides  these  instruments,  each  surveyor  had  his  own  transit  (the 
usual  engineer's  transit,  horizontal  circles  reading  by  opposite  ver- 
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niers  to  nearest  half-minute).  Mr.  Brown  furthermore  provided 
two  100  foot  steel  tapes,  one  of  which  had  been  compared  at  the 
Coast  and  Geodetic  Survey  Office.  The  "  standard  "  tape  was  never 
used  for  the  field  work,  but  was  left  at  our  headquarters  and  the 
second  100-foot  tape  was  compared  with  it  whenever  necessary. 

The  special  observing  tent  was  the  property  of  the  Maryland  Geo- 
logical Survey,  and  is,  in  fact,  the  one  used  in  the  magnetic  work. 

The  Maryland  Geological  Survey  desires  to  make  herewith  grateful 
acknowledgment  of  the  great  service  rendered  by  the  Superintendent 
of  the  Coast  and  Geodetic  Survey  in  providing  it  with  such  a  val- 
uable instrumental  outfit. 

Our  thanks  are  also  due  to  the  Topographic  Corps  of  the  U.  S. 
Geological  Survey  for  promptly  furnishing  triangulation  data  and 
photographic  copies  of  their  topographic  field  sheets. 

Peevious  Attempts  at  a  Detekmixation  of  the  Boundaey  Line. 

chisholm's  line. 

The  first  line  was  run  in  1872  by  Mr.  Dan  Chisholm,  at  that 
time  county  surveyor  for  Allegany  county.  He  used  a  compass, 
and,  it  is  said,  planted  his  tripod  in  the  middle  of  the  mouth  of  the 
Savage  river — the  southern  terminal  point  of  the  line — and  ran  by 
the  needle  N.  26°  E.  In  the  absence  of  any  returns  from  this  survey, 
it  is  not  now  possible  to  say  how  Chisholm  obtained  this  trial 
course — doubtless  by  plotting  the  line  on  the  best  map  procurable  at 
the  time.  From  various  statements  made  to  me,  it  would  appear 
that  Chisholm  did  not  run  continuously  on  this  course,  but  mad^ 
various  offsets.  Instead  of  hitting  the  summit  of  the  great  Savage 
mountain,  where  it  is  crossed  by  tlie  Mason  and  Dixon  line,  as  called 
for  by  the  act,  he  came  out  on  the  Little  Savage  mountain,  4307  feet, 
or  4/5  of  a  mile,  to  the  west  of  the  initial  point  called  for  by  the 
act.  Chisholm  marked  his  line  by  blazes  (a  cross)  in  trees.  In  jus- 
tice to  him,  it  is  stated  that  he  regarded  his  line  merely  as  a  trial  line, 
and  that  it  was  his  intention  to  run  a  second  and  final  line  on  a  cor- 
rected course,  an  intention  which  was  never  carried  out.  This  line  is 
referred  to  by  the  people  living  in  its  vicinity  as  "  the  old  line.^' 
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AMienever  it  was  possible  to  do  so,  measurements  were  made  from  our 
line  to  the  trees  bearing  Chisholm's  blazes. 

In  view  of  the  fact  that  Chisholm's  line  did  not  comply  with  the 
provisions  of  the  act  of  1872,  viz.,  that  the  boundary  should  be  a 
straight  line  connecting  two  given  terminal  points,  one  at  the 
mouth  of  the  Savage  river  and  the  other  on  top  of  the  Great  Savage 
mountain  (not  the  Little  Savage  mountain  where  Chisholm's  line  ter- 
minated), it  cannot  be  looked  upon  in  any  sense  whatever  as  a  boun- 
dary line  actually  nm.  Had  Chisholm  connected  his  last  station  with 
the  point  on  the  Great  Savage  mountain  called  for  by  law,  it  is 
quite  probable  that  his  line,  as  defined  by  the  still  existing  blazcil 
trees,  no  matter  how  crooked  this  line  may  be,  would  have  to  be 
accepted  to-day  as  the  boundary  line.  Chisholm,  furthermore,  made 
no  official  returns  of  his  surv^ey  as  called  for  by  the  act. 

harned's  line. 

The  next  attempt  at  a  determination  of  the  boundary  line  was 
made  in  1878  by  Mr.  John  Hamed,  county  surveyor  for  Garrett 
coimty. 

In  this  sur\'ey,  Mr.  John  Schaidt,  surveyor  for  Allegany  county, 

was  present.     Hamed  used  a  compass  mounted  on  a  Jacob's  staff, 

and  began  "  at  stone  pile  on  summit  of  Savage  mountain  where 

crossed  by  Mason  and  Dixon  line."     The  course  he  ran  on  brought 

him  out  at  Westemport,  considerably  to  the  east  of  the  terminal 

ix)int,  the  mouth  of  the  Savage  river.     It  is  stated  that  he  ran  a  second 

line  on  a  corrected  course,  but  he  did  not  mark  it  in  a  permanent 

manner,  and,  in  fact,  it  is  not  possible  at  present  to  readily  identify 

his  line.    He  prepared  a  map  of  this  line  and  filed  it  with  the  county 

commissioners  of  Garrett  county,  but  his  work  was  not  adopted  by 

either  county.     This  map  bears  the  following  inscription : 

"Garrett  and  AUegany  county  line  Resurveyed  for  the  Commissioners  of 
Garrett  in  June,  1878;  true  bearing  S.  28°  33'  W.,  and  whole  distance  18 
miles,  212  perches,  differing  from  former  survey  2**  33',  and  adding  to  the 
area  of  Garrett  4266  Vg  acres  of  land.  Beginning  at  stone  pile  on  summit  of 
Savage  mountain  where  crossed  by  Mason  and  Dixon  line,  then  S.  28**  33'  W. 
18  miles,  212  perches  to  mouth  of  Savage  river.  22nd  day  of  June,  1878,  by 
John  Hamed,  surveyor  for  Garrett  county." 
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The  course  referred  to  above  (S.  28°  33'  \V.)  is  doubtless  the  mag- 
netic course  of  the  corrected  line,  not  of  the  first  or  trial  line. 

From  the  preceding  remarks  it  is  evident  that  it  was  my  duty,  as 
defined  by  the  act  of  1898,  to  disregard  all  previous  surveys  and 
existing  marks  and  determine  the  line  anew  in  conformity  with  the 
provisions  of  the  original  act. 

The  Problem  Stated. 

The  boundary  line  begins  at  a  point  on  top  of  the  Great  Savage 
inoimtain,  where  that  mountain  is  crossed  by  the  dividing  line  be- 
tween Maryland  and  Pennsylvania,  and  runs  thence  to  the  middle 
of  the  mouth  of  the  Savage  river,  18.6  miles  distant,  and  across  the 
Potomac  river  121^  feet,  to  the  nearest  point  of  the  West  Virginia 
boundary.  The  main  problem  then  is  to  connect  by  a  straight  line 
two  non-inter\^isible  points,  one  on  top  of  a  mountain,  the  other  in 
the  middle  of  a  river,  completely  encircled  by  high  hills.  The 
direction  of  the  line  connecting  the  two  points  is  not  given.  We 
cannot  tell  then  on  what  course  to  run  if  we  start  out  at  the  northern 
terminus,  for  example,  and  endeavor  to  run  a  perfectly  straight  line 
to  the  mouth  of  the  Savage  river.  Supix)sing  the  terminals  precisely 
fixed,  the  first  problem,  then,  is  to  determine  by  some  means  the  direc- 
tion or  bearing  of  the  straight  line  connecting  the  two  main  points. 
There  are  three  general  methods  for  doing  this  if  the  two  points  are 
not  intervisible : 

1.  By  connecting  the  terminal  points  by  triangulation. 

2.  By  determining  the  latitudes  and  longitudes  of  the  terminal 
points. 

3.  By  running  a  trial  line. 

TRIAL    LINE    METHOD. 

The  third  method  might  be  the  simplest  one  under  certain  circum- 
stances. For  example,  if  the  region  between  the  terminal  points 
cx)nsi8ted  largely  of  cleared  land  or  bare  hills,  so  that  a  trial  line 
could  be  run  through  from  one  end  to  the  other  without  a  great  deal 
of  expense  and  without  consuming  too  much  time,  it  might  be  advan- 
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tageous  to  employ  this  method,  especially  if  the  direction  of  the 
line,  as  referred  to  the  true  meridian,  is  approximately  known/ 

For  every  minute  of  error  in  its  bearing,  the  trial  line  would 
diverge  in  the  present  instance  at  the  rate  of  nearly  li  foot  per  mile, 
or,  in  the  total  distance,  28^  feet.  If  the  trial  line  is  out  by  5 
minutes,  ^  of  a  quarter  of  a  degree,  then  it  will  not  hit  the  mouth 
of  the  Savage  by  143  feet.  A  glance  over  the  figui-es  in  the  foot- 
note,* with  the  added  statement  that  the  actual  direction  of  the  line 
at  the  Mason  and  Dixon  line,  as  found  by  us,  is  26^  04.9'  and  25® 
59.1'  at  the  mouth  of  the  Savage,  will  give  an  idea  of  the  error  in- 
volved by  adopting  any  one  of  the  quantities  given  in  the  foot-note 
table.  In  the  present  case,  as  the  region  traversed  is  densely  wooded 
and  exceedingly  hilly  throughout,  a  trial  line  run  on  a  random  course 
would  have  been  a  matter  of  considerable  expense.  It  would  have 
necessitated  as  much  cutting  as  the  actual  line  required.  Again,  if 
the  trial  line  is  out  considerably,  the  distances  to  various  points  along 
the  line  must  be  accurately  known,  so  that  the  proper  offsets  can  be 
made  from  them  to  the  true  line. 

The  foregoing  remarks  apply  to  running  a  trial  line  with  a  transit. 
To  attempt  to  run  a  trial  boundary  line  with  a  compass  is  so  ridicu- 
lous that  the  matter  would  not  be  seriously  discussed  here  had  not 
the  previous  attempts  been  made  in  precisely  this  way.     A  trial  lino 
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How  obtained. 

With  aid  of  following  data : 
Chisholm^s  magnetic  course 
in  1872  was  N  SB^  E,  and  his 
line  was  4307  feet  west,  of 
trae  line  at  Mason  and  Dixon 
line. 

Scaled  from  the  U.  S.  Geological 
preliminary  topographical 
map  of  region  north  of 
Month  of  Savage. 

Harned  says  his  magnetic  course 
in  June,  1878,  was  8  28°  33^ 
W. 

Scaled  from  U.  8.  Geological 
Survey  topographical  map 
(Frostburg  sheet,  1898). 

Referring  to  middle  point  of 
line. 
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should  be  as  nearly  straight  as  possible.  It  is  a  physical  impossi' 
hility  to  run  a  straight  line  with  the  magnetic  needle  under  the  most 
favorable  circumstances.  These  favorable  circumstances  would  imply 
extraordinary  facilities,  such,  for  example,  as  the  establishment  and 
maintenance  of  a  magnetic  observatory,  with  the  aid  of  which  the 
manifold  fluctuations  of  the  magnetic  needle  could  be  duly  allowed  for 
while  tracing  out  the  trial  line.  The  whole  matter  would  be  so  ex- 
pensive and  so  cumbersome  that  this  method  would  be  summarily 
abandoned.  The  surveyor  is  not  accompanied  by  these  favorable  cir- 
cumstances. He  runs  his  lines  regardless  of  diurnal  variation,  of 
magnetic  stonns,  or  even  of  geographical  variation  of  the  deviation 
of  the  compass  from  the  true  north.  The  diurnal  variation  alone 
may  throw  him  out  on  a  summer's  day  15-20  feet  in  a  mile.  A  mag- 
netic storm  may  produce  an  error  of  the  same  magnitude  and  even 
greater.  From  a  table  given  later,  it  will  be  seen  that  the  magnetic 
bearing  of  the  boundary  line  changes  by  nearly  ^°  from  one  end 
to  the  other.  This  alone  would  throw  a  magnetic  trial  line  out,  even 
if  it  were  started  correctly,  by  ^  of  a  mile  at  the  other  end.  The  sur- 
veyor very  rarely  determines  the  magnetic  declination  himself,  and 
so  the  precise  change  from  point  to  point  on  the  line  he  either  would 
not  make  at  all  (as  being  of  too  trifling  a  nature)  or  he  would  guess 
at  it.  Then,  in  addition,  come  the  troublesome  local  variations. 
Thus,  at  the  mouth  of  the  Savage  river,  where  Chisholm  began,  the 
needle  is  thrown  out  by  §  of  a  degree,  or  at  the  rate  of  about  60  feet 
per  mile. 

It  will  thus  be  seen  that  a  line  run  by  the  "  point  of  the  needle  " 
is  one  upon  the  correctness  of  which  no  reliance  could  or  should  be 
put. 

LATITUDE    AND    LONGITUDE     METHOD. 

The  second  method,  that  of  determining  the  latitudes  and  longi- 
tudes of  the  terminal  points,  would  be  one  wholly  out  of  the  reach  of 
the  ordinary  surveyor.  To  determine  the  true  bearing  of  the  boun- 
dary line  by  this  method  would  require  most  superior  astronomical 
instruments,  expert  observers,  the  adoption  of  very  accurate  methods, 
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and  an  expenditure  of  time  of  at  least  a  month.  And  then  this  elab- 
orate method  would  not  furnish  the  direction  of  the  line,  in  the  pres- 
ent case,  closer  than  to  within  2  to  4  minutes.  In  other  words,  the 
line  determined  thus  might  easily  be  out  60  feet  and  more  at  its  ter- 
minal point.  In  the  present  case,  as  the  line  had  to  be  traced  almost 
entirely  from  one  tliickly  wooded  hilltop  to  the  other,  and  could  not  be 
sighted  through,  two  cuttings  would  have  been  required — one  for 
the  first  line  and  another  for  the  corrected  line.  We  mav  therefore 
dismiss  this  method  as  not  practical  in  the  present  instance. 

TRIANGUIJ^TION     METHOD. 

We  thus  come  as  a  final  resort  to  the  triangulation  metliod.  Thi.s 
is  one  that  the  surveyor,  provided  with  a  good  engineer's  transit,  if  he 
knows  how  to  use  his  instrument  so  as  to  get  the  full  benefit  of  its 
various  adjustments,  can  safely  and  advantageously  employ. 

After  making  a  brief  reconnaissance  of  the  line,  I  quickly  came  to 
the  conclusion  that  the  triangulation  method  was  the  only  practica- 
ble one  in  this  case  and  at  the  same  time  the  most  expeditious. 

There  were  several  triangulation  points  in  the  vicinity  of  the  line, 
established  by  the  U.  S.  Geological  Survey.  (See  Fig.  7.)  I  con- 
cluded, therefore,  that  the  best  method  would  be  to  connect  the  ter- 
minal points  with  each  other  and  with  the  U.  S.  Geological  Survey 
triangulation  points  by  a  series  of  triangles. 

My  original  intention  was  to  measure  all  the  angles  with  the  aid 
of  the  8-inch  theodolite,  which,  as  stated,  reads  with  the  aid  of  micro- 
meter microscopes  to  2",  and,  by  estimation,  can  be  read  to  J  of  a 
second.  It  was,  however,  a  great  task  to  transport  this  cumbersome 
instrument  from  hilltop  to  hilltop.  The  roads  were  at  times  exceed- 
ingly rough  and  steep.  After  reaching  the  top,  the  instrument  would 
usually  have  to  be  carried  a  considerable  distance,  in  some  cases 
nearly  a  mile,  and  over  rough  rocks  and  through  thick  imdergrowth. 
The  instrument  in  its  case  weighs  about  100  jx^unds.  As  the  funds 
were  rapidly  ebbing  and  time  was  slipping  away  at  a  continually 
accelerating  rate,  I  was  compelled  to  give  up  this  idea  and  depend  in 
a  large  measure  upon  the  smaller  instruments — the  survevors'  instni- 


MASTLAnS    OEOLOQICAI.    SCRVEY  111 

inents  and  my  four-inch  theodolite.  A  rough  calculation  convinced 
me  that  with  proper  care,  the  direction  of  the  boundary  line  could  l>e 
obtained  in  this  way  to  within  one  minute  and  lesa  in  a  compara- 
tively short  time  and  at  little  expense.  To  have  gotten  the  direction 
so  close  as  not  to  require  any  corrections  would  have  made  necessary 
the  expenditure  of  considerable  more  time  on  the  triangulation.  This 
our  limited  appropriation  would  not  permit     And  I  considered  that 


Fig.  T. — SbowlDg  tbe  trlangulitlon  statlODs  of  tbe  U.  S.  Oeotoglcal  SarTe;  In 
tbe  TlclDit;  of  the  boDDdar;  line  between  Alleguiy  aod  tiarrett  Counties.  Scale: 
1  Inch  =  16  miles. 

n  trial  line  correct  within  1'  was  close  enough  for  the  purpose  at 
hand.  I  therefore  pushed  the  triangulation  ahead  to  the  utmost, 
so  that  the  ranging  out  of  the  line  could  be  begun  and  the  proper 
eorrecti«ns  made,  and,  if  possible,  the  line  marked,  before  the  appro- 
priation ran  out.  And  there  was  every  danger  of  the  funds  running 
short,  for  we  encountered  most  unfavorable  weather.  For  three 
weeks  we  had  rains  almost  every  day,  only  three  or  four  days  in  that 
time  being  absolutely  clear, 

A  "  STRAIGHT  "  LINE    ON    THE    EARTh's    SURFACE. 

Another  point  deserves  elucidation  in  this  connection.  The  law 
calls  for  a  "  straight "  line  connecting  two  points,  whose  position  on 
the  earth's  surface  is  approximately: 
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Latltade.       LongitDde  weit  of  Greenwich . 

Top  of  Big  Savage  mountain,        3«^  43'.4         78°  54'.8 
Mouth  of  Savage  river,  39     28-. 8         79     04 .0 

Between  these  two  points  the  rotundity  of  the  earth  makes  itself 
appreciably  felt.  If  we  define  a  straight  line  in  the  customary  man- 
ner, viz.,  as  the  arc  of  a  great  circle  passing  through  the  two  givon 
points,  then  the  bearing  of  that  line  will  be  different  at  every  point 
in  that  line.  The  difference  in  the  bearings  of  the  line  at  the  two 
end  points  amounts  to  the  difference  of  longitude  into  the  sine  of  tibe 
average  latitude  of  the  two  points,  or  to  5'  51"  or  5'.85.  So  that  if 
the  true  bearing  of  the  line  were  S.  26°  04'.9  W.  at  the  top  of  Sav- 
age mountain,  it  would  be  5^.85  less  at  the  mouth  of  the  Savage  liyer, 
or  K  25°  59'.1  E. 

In  other  words,  suppose  a  surveyor,  provided  with  a  good  traxuity 
were  to  begin  at  the  mouth  of  the  Savage  river  and  run  a  line  on 
the  true  course  of  the  line  at  the  upper  end,  viz,  N.  26*^  04',7  E., 
then  he  would  strike  50  yards  to  the  west  of  the  terminal  point  on 
the  l^Iason  and  Dixon  line.  Two  surveyors,  one  beginning  at  one 
end  and  the  other  at  the  other  end,  would  therefore  not  meet  each 
other  unless  they  started  their  line,  not  on  precisely  the  same  conraeSi 
but  on  courses  differing  nearly  6  minutes,  or  1/10  of  a  degree  from 
each  other.  It  is  thus  seen  that  the  sphericity  of  the  earth  between 
the  terminal  points  is  a  factor  which  must  be  duly  considered  in  this 
problem. 

That  the  bearing  of  the  line,  as  referred  to  the  true  meridian, 
should  vary  continuously  from  one  end  to  the  other,  can  easily  be  seen 
tlms :  The  two  end  points  are  not  situated  in  the  same  true  north  and 
south  line,  but  lie  in  different  meridians,  or,  roughly,  the  month  of 
the  Savage  is  8  miles  west  of  the  top  of  Savage  mountain.  .As  the 
meridians,  if  prolonged  northward,  all  pass  through  the  same  point  on 
the  earth's  surface — the  North  Pole — ^and  are  therefore  not  strictly 
parallel  lines,  but  converge  so  that  the  distance  apart  between  the  two 
meridians  passing  through  the  end  points  of  the  line  is  about  60 
yards  less  at  the  Mason  and  Dixon  line  than  along  a  due  east  and 
west  line  passing  through  the  mouth  of  the  Savage  river,  hence  the 
ungle  made  by  a  line  cutting  the  two  meridians  is  less  at  the  southern 
than  at  the  northern  point,  as  can  be  readily  seen  by  drawing  a  dia- 
^^ram.     (See  Fig.  8.) 
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Tlie  magnetic  bearing  of  the  line,  i.  e.  tlie  angle  made  by  the 
liue  with  the  direction  pointed  by  the  north  end  of  the  compass 
needle,  varies  even  more  than  the  true  bearing.  The  total  change 
from  one  end  of  the  Hue  to  the  other  amounts  to  nearly  ^  of  a  degree. 
See  table  giving  courses  and  distances. 

It  is  quite  possible  to  ha^■o 
traced  such  a  line  passing 
through  the  given  points  so  that 
the  angle  it  made  with  tlie  true 
meridian  would  be  the  same  all 
along.  Such  a  line  is  kno\vn  as 
a  "  rhumb  "  line  and  would  not 
be  a  straight  line,  but  a  curved 
one,  i.  €.  it  would  not  be  a  line 
that  the  sun'eyor  could  prolong 
inde£nitely  by  backsighting  and 
foresighting.  He  would  have 
to  make  offsets  in  order  to  get 
back  into  the  "  rhumb "  line. 
As,  for  example,  he  must  do  if 
he  endeavors  to  prolong  a  duo 
east  and  west  line  such  as  the 
Mason  and  Dixon  line.  This 
line  is  not  a  "  straight "  one,  but 
a  continuously  curving  one.  The 
"  rhumb "  line  as  a  boundary 
line  should  be  avoided  whenever 
possible. 

Fig.  8  will  give  some  idea  as 
to  the  course  of  a  line  connect- 
ing the  terminal  points  in  such 
a  manner  bo  that ; 

1.  The  true  bearing,  i.  e.  the  angle  between  the  true  meridian  and 
the  boundary  line,  shall  be  the  same  at  every  point  in  tlie  line  (true 
rhumb  line). 

2.  The  magnetic  bearings  i.  e.  the  angle  between  the  magnetic 


:o.  8. — Diagram   ibowlog  effect  of 
rergcDcs  of  true  and  of  magnetic 
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meridian  (direction  pointed  out  by  compass  needle)  and  tlie  boun- 
dary line  shall  be  everywhere  the  same  (magnetic  rhumb  line). 

Both  lines,  it  will  be  noticed,  are  curved,  the  second  one  much  more 
than  the  first,  as  the  magnetic  meridians  converge  much  more  rapidly 
than  the  true  meridians.  The  second  line  would  in  reality  not  be  as 
smooth  a  curve  as  shown,  but  would  be  a  verv  sinuous  one  on  accouni 
of  the  many  fluctuations  to  which  the  magnetic  needle  is  subject. 
The  magnetic  or  compass  rhumb  line  would,  furthermore,  vary  its 
nature  somewhat  with  lapse  of  time  by  reason  of  the  secular  variation 
of  the  magnetic  needle. 

Xow  that  the  boundary  line  has  been  traced  and  permanently 
marked,  the  sun^eyor  need  no  longer  take  into  account  the  variation 
in  the  bearing  of  the  line,  if  he  will  get  the  direction  by  sighting  on 
one  of  our  established  moimds.  He  can  establish  any  number  of 
intermediate  points  by  simply  backsighting  and  foresighting.  Should 
he  be  obliged,  however,  to  know  the  bearing  of  the  line  (true  or  mag- 
netic), he  must  make  use  of  the  table  given  later  on. 

The  Tri angulation. 

Let  us  suppose  for  the  moment  that  the  terminal  points  have  been 
precisely  fixed.  It  is  desired  to  connect  these  two  points  (/  and  Mi 
in  the  sketch.  Fig.  9)  by  a  series  of  triangles.  Some  idea  of  the 
roughness  of  the  country  can  be  obtained  from  the  map,  Plate  VI  I, 
and  the  profile  of  the  line.  Fig.  10. 

Several  hills  and  mountains  were  climbed  in  West  Virginia  by  my 
head  lineman,  Ashby,  and  myself  before  a  suitable  point  was  found, 
from  the  top  of  which  the  mouth  of  the  Savage  river  was  visible,  antl 
also  i)oints  in  Maryland  for^vard  along  the  line  and  situated  on  oppo- 
site sides  of  it.  This  point  is  in  an  oatfield  on  the  hill  between  Pied- 
mont and  Bloomington,  on  proi3erty  owned  by  Thos.  Davis  and 
farmed  by  Mr.  Daniels.  From  this  point  I  could  look  right  down 
into  the  mouth  of  the  Savage  river  1.4:  miles  aAvay,  and  could  also  see 
High  Kock  (U.  S.  Geological  Sun-ev  triangulation  station),  6  miles 
distant,  and  establish  a  jK^nt  on  the  high  hill  east  of  Pekin  in  a  corn- 
field on  the  Jackson  property  farmed  by  Mr.  Shinier.  This  point  J 
was  about  <U  miles  away.  It  will  be  seen  that  the  triangle  formed  by 
the  three  stations,  *'  Daniels,"  '^  High  Rock  ■'  and  *^  Jackson  "  is  a 
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very  good  one,  being  almost  equilateral.  The  angles  were  measured 
at  D  with  the  8-ineh  theodolite  by  sighting  upon  poles  placed  at  Mi, 
H  and  /. 

The  8-inch  theodolite  and  tent  were  next  moved  to  "  Jackson,"  and 
it  was  found  that  from  this  point  could  be  seen  the  U.  S.  Greological 
Survey  triangulation  stations,  "  High  Eock  "  and  "  Sampson,"  and 
also  with  a  little  cutting  the  initial  point  of  the  boundary  line  on  the 
top  of  Savage  mountain.  "  High  Rock  "  was  6  miles  away,  "  Samp- 
son "  nearly  12  miles  and  "  Initial "  13  miles.  At  "  High  Rock  " 
and  "  Daniels  "  were  poles,  and  from  "  Sampson  "  and  "  Initial  " 
small  mirrors  were  flashed.  Mr.  Ashby  found  that  at  "  Sampson  " 
considerable  cutting  would  be  required  before  the  station  at  the 
ground  could  be  made  visible  to  me  stationed  at  "  Jackson."  He 
therefore  climbed  to  the  top  of  the  tripod  left  at  this  point  by  the  XJ.  S. 
Geological  Survey,  centered  himself  precisely  with  the  plumb-bob 
over  the  bolt  in  the  rock  marking  the  precise  station,  and  then  held  a 
4  X  4-inch  mirror  in  the  proper  direction,  so  that  the  sun  striking  it 
would  be  reflected  toward  me.  By  prearrangement,  Mr.  BroTivn, 
located  at  "  Initial  Point,"  not  having  a  heliotrope  at  hand,  flashed  a 
small  mirror  at  the  same  time  at  Mr.  Ashby  at  "  Sampson."  Since 
one  minute  would  correspond  to  a  distance  of  about  20  feet  at  S  and 
I,  the  method  employed  to  make  S  and  /  visible  was  amply  sufficient 
for  the  purpose/ 

*By  employing  this  simple  device  the  surveyor  can  very  often  get  very 
long  sights.  No  special  heliotrope  is  needed.  His  rodman  should  be  pro- 
vided with  a  mirror  which  he  can  easily  put  in  his  pocket,  say  4x4  inches. 
If  his  station  is  so  far  away  as  to  make  sighting  on  a  pole  difficult,  or 
should  he  wish  to  make  sure  that  the  pole  he  is  sighting  upon  is  the  right 
one,  let  the  rodman  plant  a  stick  about  5  feet  high  as  nearly  in  line  as  he  can 
with  the  eye  and  about  15  yards  away  from  him.  Now,  if  the  sun  is  shin- 
ing the  rodman  can  place  himself  over  the  station  point  and  hold  the  mirror 
in  such  a  position  that  the  reflected  sun-ray  will  strike  the  stick  planted  15 
yards  away.  It  is  well  for  him  to  turn  the  mirror  up  and  down,  so  that  the 
reflected  sun-ray  will  travel  up  along  the  stick  and  pass  beyond  it,  and  to 
keep  on  doing  this  until  operations  have  been  completed.  In  the  same  way 
the  rodman  can  be  put  in  line  many  miles  away,  if  the  surveyor  likewise 
provides  himself  with  a  mirror  and  sends  the  rodman  signal  flashes  accord- 
ing to  a  prearranged  code.  For  signalling,  a  somewhat  larger  mirror  than 
the  rodman's  will  in  general  be  found  better.  Of  course  a  heliotrope  is  the 
best  of  all,  but  it  is  not  always  convenient  to  carry  one. 
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When  both  mirrors  showed  up  at  the  same  time  it  was  an  hour's 
work  to  measure  the  angles  in  three  different  positions  of  the  circle 
with  the  desired  degree  of  accuracy.  The  mouth  of  the  Savage  was 
not  visible  from  "  Jackson,"  and  so  the  line  is  broken.  For  the  same 
reason  we  find  the  lines  connecting  H,  S  and  I  broken.  These  were 
"  blind  "  lines  in  the  triangulation  scheme,  i.  e.  the  end  points  were 
not  intervisible. 

As  only  the  distance  HS,  as  determined  by  the  U.  S.  Geological 
Sun'ey,  was  known,  it  was  necessary  to  measure  some  additional 
angles  and  to  determine  the  distances  MD  and  SI  by  measuring  small 
bases  and  connecting  the  ends  of  the  bases  with  the  main  triangula- 
tion, by  secondary  triangulations,  before  the  angle,  which  the  boun- 
dary line  would  make  with  J,  for  example,  could  be  computed.  The 
base  measurements  and  secondary  triangulations  were  undertaken  by 
the  two  surveyors  and  tlieir  work  will  be  detailed  below. 

The  triangle  HDJ  was  closed  at  H  with  my  small  4-inch  theodolite, 
measuring  the  angle  by  method  of  repetitions,  and  the  angle  SHJ 
was  obtained.  As  8  and  H  are  not  intervisible,  it  was  necessary  co 
measure  the  angle  MdHJ,  i.  e.  the  angle  between  the  TJ.  S.  Geo- 
logical Survey  triangulation  station,  "  Meadow,"  and  my  station, 
"  Jackson."  Computing  now  the  angle  MdHS  with  the  aid  of  pre- 
liminary data  *  furnished  by  the  U.  S.  Geological  Survey,  the  angle 
SHJ  was  finally  determined. 

^Final  Otodetie   Co-ardinate»  of  Certain  Primary  Triangulation  Stations  of  the  U.  S, 
Geological  Survey ^  in  the  Neighborhood  of  the  Allegany -Oarrett 
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These  final  co-ordinates  were  furnished  in  December,  1898,  and  hence  were  not  at 
my  disposal  until  after  the  completion  of  the  line  and  the  publication  of  the  per- 
liminary  report  in  September,  1898. 
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In  precisely  the  same  manner  Mr. 
Brown,  using  his  engineer's  transit  and 
the  method  of  repetitions,  obtained  the 
angle  HSJ ,  this  angle  closing  the  tri- 
angle KSJ. 

It  was  most  desirable  also  to  close 
the  triangle  J8I,  For  this  purpose 
the  large  theodolite  and  tent  were  trans- 
ported to  the  top  of  the  Savage  moun- 
tain, I,  and  were  left  there  imtil  the 
line  had  been  ranged  out  and  marked. 
Messrs.  Bro^vn  and  Burrell  measured  a 
small  base,  675.41  feet  in  lengthy  on 
McKenzie's  farm  (^AB  in  the  sketch, 
Fig.  9).  Mr.  Brown  used  his  100-foot 
tape,  the  correction  upon  the  standard 
tape  being  known  and  temperature  cor- 
rection being  allowed  for.  From  A 
and  B,  S  and  /  were  visible,  and  the 
various  angles  were  measured  by 
Messrs.  Beall  and  Brown  independently 
of  each  other,  each  using  his  own  engi- 
neer's transit,  and  measuring  the  angles 
in  three  different  positions  of  the  cir- 
cle. The  small  angle  AIB  was  meas- 
ured with  my  8-inch  theodolite;  the 
angle  BSA  was  measured  by  Mr. 
Brown  with  his  transit,  employing  the 
method  of  repetitions.  The  only  an- 
gles in  the  quadrilateral  IAB8  which 
could  not  be  measured  were  J5/iS  an<l 
ASI — this  because  S  and  I  could  not 
easily  be  made  intendsible,  a  high 
ridge  intervening.  But  these  angles 
could  be  computed  with  the  aid  of  the 
angles     measured     and    knowing     the 
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He  also  put  up  a 


length  of  BA.  Hence  the  angles  BIS  and  ASI  or  BSI  and  AIS 
were  known.  When  Mr.  Brown  had  measured  the  angle  BSJ  witli 
his  instrument  by  method  of  repetitions  and  I  had  measured  the  angle 
JIA  with  my  8-inch  theodolite,  the  triangle  JSI  had  been  closed. 
In  order  to  be  able  to  sight  on  "  Jackson  "  (13  miles  away)  whenever 
occasion  demanded,  Mr.  Harris  was  stationed  at  "  Jackson  "  with  one 
of  the  Coast  and  Geodetic  Survey  heliotropes, 
white  screen  back  of  the 
pole  erected  at  this  point, 
so  that  when  the  heliotrope 
was  not  in  use  the  pole 
could  be  sighted. 

It  only  remained  to^-y 
know  the  horizontal  dis- 
tance from  "  Daniels  "  to 
"  Mouth,"  ilfiZ?.  This  was 
obtained  in  the  manner 
shown  by  the  sketch  of 
the  secondary  triangula- 
tion  given  below  (Fig.  11.)  C" 
The  pole  W  was "  planter! 
on  hill  back  of  Wamick's 
house  in  Bloomington,  ami 
the  angle  MJ)W  was 
measured  when  the  large 
instrument  was  statione<i 
at  "Daniels."  The  re- 
maining angles  in  the  tri-        Fio.  ll. — Secondary  trlangnlation  at  the  month 

angle    M^DW    were    meas-    °'  ^""^^^"^  ^^^^^  ^""^  ^^®  determination  of  the  Dla- 

tance  from  "Month"  to  **  Daniels." 

ured  by  Messrs.  Beall  and 

Brown  independently  of  each  other  and  in  three  positions  of  the 
circle.  If  now  MxW  (about  f  of  a  mile)  were  known,  then  M^D 
could  be  computed.  To  obtain  M^W  the  two  surveyors  carefully 
measured  the  small  base  EC  at  the  foot  of  Hampshire  hill  in  West 
Virginia  and  measured  all  the  angles  at  the  four  points,  Af  i,  E,  C,  \V, 
in  the  manner  already  detailed.     The  length  of  the  base  with  cor- 
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rections  applied  was  529.92  feet,  and  the  distance  MiD  was  7421.35 
feet,  the  probable  error  being  about  1  foot. 

It  was  now  possible  to  compute  the  angle  which  the  boundary  line 
made  with  one  of  the  triangulation  points,  as,  for  example,  the  angle 
MiU.  Starting  with  the  distance  HS,  as  given  by  the  TI.  S.  Geo- 
logical Survey  data,  it  was  possible  to  solve  all  the  triangles  without 
knowing  the  distance  SI,  which  had  been  obtained  by  us  with  the 
aid  of  the  McKenzie  base,  AB.     The  resulting  angle  M^IJ  was 

found  to  be : 

9°  22'  37"  I 

Since  the  length  of  SI,  however,  as  obtained  from  HS  differed  from 

that  derived  by  us  by  the  small  base  measurement  much  more  than 

it  should,  indicating  that  HS  was  not  known  with  sufficient  accuracy 

for  our  purpose,*  I  computed  the  angle  MiU  again,  this  time  starting 

with  our  distance  SI  and  supposing  HS  not  known.     The  angle 

obtained  thus  was : 

9°  22'  06"  II 

Had  we  not  been  pushed  for  time,  I  should  have  checked  this  angle 
further  by  determining  the  distance  DJ.  For  this  purpose,  as  I 
ascertained  later,  a  base  from  which  D  and  J  would  be  visible  could 
have  been  measured  on  Caledonia  hill,  back  of  Barton.  It  was  then 
t<x)  late  to  carry  out  this  idea.  I  therefore  gave  double  weight  to  II 
and  adopted  for  the  angle  MiU: 

9°    22'    16"  III 

and  ranged  out  a  trial  line.  I  felt  sure  that  his  line  would  be  cor- 
rect certainly  to  within  one  minute.  As  will  be  seen  later,  this  sur- 
mise was  found  to  be  true.' 

Tracing  the  Trial  Line. 

The  longest  sight  that  could  be  obtained  was  gotten  with  the  8-inch 
theodolite  from  Station  I,  on  the  top  of  the  Savage  mountain,  to  the 

*Mr.  Wilson,  geographer  of  the  U.  S.  Geological  Survey,  informs  me  that 
a  much  superior  connection  of  their  triangulation  points  with  those  of  the 
Coast  and  Geodetic  Survey  has  heen  recently  made,  which  will  necessarily 
improve  their  distances  when  the  office  computations  have  been  made. 
[Sept.,  1898.] 

'With  the  aid  of  the  revised  co-ordinates,  p.  117,  I  now  get  for  the  first 
angle,  S**  22'  19^.     [Aug.  29,  1899.] 
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top  of  the  hill  west  of  Carlos,  7J  miles  distant.  To  Mr.  Brown, 
assisted  by  Mr.  Finzel,  was  assigned  the  establishment  of  intermediate 
points  between  Carlos  and  the  Initial  Point.  Messrs.  Beall  and 
Ashby  undertook  the  tracing  of  the  line  southward  from  Carlos,  and 
I,  assisted  by  Mr.  Harris,  began  at  the  mouth  of  the  Savage  and  ran 
northward. 

Mr.  Beall's  portion  of  the  line  was  the  heaviest  one.  The  line 
inxariably  struck  in  the  roughest  portion  of  the  numerous  hills 
encountered  and  always  at  about  the  same  level,  so  that  the  line  had 
U)  be  cut  clear  through.  He  had  to  set  up  his  instrument  9  times 
before  he  succeeded  in  tracing  the  trial  line  through  from  Carlos  to 
Franklin  hill,  9f  miles  away. 

Xot  knowing  how  the  trial  line  would  come  out,  it  was  very  essen- 
tial that  I  should  meet  Mr.  Beall  as  far  from  the  mouth  of  the  Savage 
river  as  possible.  The  top  of  the  high  hill  directly  north  of  the 
Savage  river — Franklin  hill — was  thickly  wooded,  and  if  the  trial 
line  should  be  out  by  1  minute,  the  cutting  on  Franklin  hill,  as  made 
from  the  north,  would  be  out  by  about  25  feet. 

The  easiest  way  of  getting  over  Franklin  hill  was  to  prolong  the 
line  somewhat  over  a  mile  into  West  Virginia  to  a  point  high  enough 
up  on  Hampshire  hill  that  the  line  could  be  run  forward  from  this 
point  to  the  highest  point  of  Franklin  hill  reached  by  the  line.  For 
this  purpose  the  angle  IM^D — the  angle  which  the  line  to  "  Daniels  " 
made  at  the  "  mouth  "  with  the  boundary  line — ^was  computed  and 
laid  off  and  the  boundary  line  was  prolonged  into  West  Virginia  and 
then  forward  again  across  Franklin  hill  and  to  the  north  end  of  it. 

When  I  reached  the  point  thus  established  at  the  north  end  of 
Franklin  hill,  about  IJ  mile  from  the  mouth,  I  found  that  I  could 
sight  north  along  the  line  as  far  as  the  cutting  on  hill  west  of  Lona- 
coning,  somewhat  over  six  miles  away.  Mr.  Beall  was  seen  putting 
Mr.  Ashby  on  Caledonia  hill,  3  miles  north  of  me,  in  line  with  the 
aid  of  sun-flash  signals.  The  supreme  moment  had  come — the  line 
had  been  sighted  through!  On  the  next  day  Messrs.  Beall  and 
Brown  prolonged  the  trial  line  from  Caledonia  hill  to  my  point  on 
Franklin  hill.     Mr.  Bro^vn  measured  the  distance  between  the  two 
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ix>ints — the  one  obtained  from  the  northward  and  the  other  from  the 
south — and  found  that  the  former  was  20.84  feet  west  of  the  latter. 
This  was  taken  as  the  total  error  of  the  trial  line.  It  represented 
the  error  in  the  bearing  of  the  trial  line,  plus  the  error  made  in  the 
rimning  of  the  line. 

Taking  everything  into  consideration,  I  believe  that  this  must  be 
regarded  as  very  satisfactory.  This  error  was  uniformly  distributed 
along  the  line,  the  correction  amounting  to  20.84  -r-  18.6  =  1.12  foot 
Ijer  mile.  As  the  correction  was  so  small,  it  was  not  necessary  to 
know  the  distances  between  the  established  mounds  very  accurately, 
the  nearest  i^(r  of  a  mile  amply  sufficing.  The  correction  was  to  the 
west  from  the  "  Mouth  "  to  mv  hub  on  north  end  of  Franklin  hill 
and  thereafter  to  the  easi."^ 

The  Terminal  Points. 

The  first  problem  really  was  to  determine  these  precisely  and  to 
mark  them  as  permanently  as  possible,  so  that  they  might  be  readily 
recovered  at  any  future  time.  This  had  not  been  done  by  our  prede- 
cessors. 

The  boundary,  as  stated,  consists  of  two  straight  lines,  one  18.6 
miles  long  and  the  other  121^  feet  in  length.  The  first  line  begins 
"  at  the  summit  of  Big  Back  Bone  or  Savage  mountain,  where  that 
mountain  is  crossed  by  Mason's  and  Dixon's  line."  This  point  I  have 
called  the  "  Initial  Point "  and  have  designated  it  by  the  letter  I; 
and  this  part  of  the  boundary  line  was  to  end  at  the  "  middle  of 
Savage  river  where  it  empties  into  the  Potomac  river."  This  point 
I  have  referred  to  as  "  Mouth  "  or  M.  The  second  straight  line 
begins  at  the  "  ;^[outh  "  and  proceeds  to  the  "  nearest  point  or  boun- 
dary of  the  state  of  West  Virginia."  This  latter  point  is,  therefore, 
the  "  Terminal  Point,"  T,  of  the  entire  boundary  line.  (See  Fig.  12.) 

T}ie  determination  of  these  points  was  done  largely  by  the  two 
survevors,  Messrs.  Beall  and  Brown.  The  terminal  points  having 
been  agreed  upon  by  the  representatives  of  the  two  counties  involved, 

*  As  I  ran  north,  while  Mr.  Beall  ran  south,  the  errors  we  committed,  due 
to  erroneous  bearing  of  trial  line,  would  be  in  the  opposite  direction. 
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it  v&B  mj  duty  to  connect  their  points  in  the  simplest  manner  possible 
by  3tr&i^t  lines. 


<^ 


¥sa.  13.— Sketch  ■howiDg  TrlaogaUtion  at  Montb  of  SsTaKe  RlTer,  to  determla* 
Hlddli  of  Montb  and  TBrmiDal  Point  ot  Bonndar;  Line. 

DETEBMINATION  OF  "mIDDI^  OF  HOCTH  OF  BAVAOE  BIVEb"  (pOlNT  m). 

The  triangulation,  as  carried  out  by  the  two  3ur\-eTors,  for  the 
determination  of  this  point  is  shown  in  the  accompanying  sketch 
{Fig.  12).  From  their  note-books  1  extract  the  following  informa- 
tion: 
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"  The  Potomac  river  near  the  mouth  of  the  Savage  river  makes 
several  sharp  curves  forming  a  letter  S.  At  this  point  the  waters  of 
both  rivers  flow  against  a  thick  ledge  of  hard  sandstone  rock,  which 
forms  the  base  of  Franklin  hill  (see  Plate  IX,  Fig.  2).  The  waters 
of  the  rivers,  which  were  high  at  the  time  (July  19),  are  of  diflFerent 
color,  and  thus  aided  materially  in  determining  the  ^  middle  of  Sav- 
age river  where  it  empties  into  the  Potomac'  A  100-foot  tape  was 
stretched  across  the  water  along  the  dividing  line  of  the  two  rivers, 
from  the  point  R  to  point  E  in  the  sketch  (Fig.  12),  and  the  distance 
foimd  to  be  86  feet.  One-half  of  this  gave  us  the  middle  of  the 
Savage  as  called  for  by  the  act — the  point  M  in  the  sketch.  The 
water  being  deep  and  the  current  swift,  we  transferred  the  point  J/ 
by  triangulation  to  the  north  bank  of  the  Savage — to  the  point  3f  i." 

At  the  point  .¥i,  I  had  previously  planted  a  pole  which  had  been 
sighted  upon  from  Daniels  triangulation  station.  The  point  is 
marked  by  a  half -inch  hole  drilled  in  a  large,  solid,  flat  rock  projecting 
out  of  the  hillside  about  40  feet  above  the  level  of  the  river.  The 
rock  is  large  enough  for  a  tripod  to  be  comfortably  placed  upon  it. 
3 5  feet  to  the  west  is  a  white  oak  tree  (see  Plate  IX,  Fig.  2),  about 
one  foot  in  diameter.  It  made  an  excellent  triangulation  station. 
The  antrles  obtained  bv  the  sun- evors  with  their  transits  are : 

Angle. 

RM,E    72°  31'  13'' 

M^ER    64     15    53 

ERM^    43     12    54 

Since  RE  =  86  feet,  we  find  by  calculation  that  EM^  =  61.738  feet, 
MiR  =  81.220  feet,  MM^  =  57.924  feet,  and  angle  MM^E  =. 
41°  58'  06".  As  angle  between  Daniels  triangulation  station  and 
iwint  E  is  25°  50'  26",  angle  M^MiM  =  180°  —  (25°  50'  26"  + 
41°  58'  06"  =  67°  48'  32")=  112°  11'  28".  True  bearing  of 
line  MiD  as  obtained  by  solar  azimuth  observations  at  Daniels  is 
S.  33°  02'  E.  Approximate  true  bearing  of  boundary  line  is  S.  26° 
W.  (see  foot-note  p.  108)  ;  hence  angle  MMzMt  =  33°  02'  +  26*^  = 
59°  02'.  With  the  aid  of  these  data  we  find  JfiJifj  =  10.29  feet, 
and  MM2  =  62.55  feet.     Hence  the  "  middle  of  Savage  river  where 
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it  empties  into  the  Potomac  "  is  62.65  feet  in  the  direction  of  the 
boundary  line  from  the  point  itf 2,  where  the  triangulation  line  MiD 
(see  Figs.  9  and  12)  prolonged  intersects  the  boundary  line. 

When  the  line  MiD  was  extended  backwards  and  the  distance 
Jlfi3f2  =  10.29  feet  was  laid  off,  it  was  foimd  to  coincide  with  the 
lower  left  hand  comer  of  a  large  rock  lying  flat  against  and  firmly 
bedded  in  the  hillside,  6^  feet  to  the  west  of  the  white  oak  tree  shown 
in  the  sketch  (Fig.  6  and  Plate  IX,  Fig.  2).  The  rock  measures 
1.25  feet  in  direction  up  the  hill  and  3.2  feet  in  direction  along  the 
hill.  When  the  line  was  permanently  marked,  the  point  ilf  2  was  re- 
ferred to  the  bolt  and  mound  shown  in  the  sketch.  Horizontal  dis- 
tance of  M2  from  the  bolt  is  34.14  feet,  and  from  mound  (middle  of 
liole  in  top  of  marble  post)  40  feet.  Hence  the  '*  middle  of  the  Savage 
river  where  it  empties  into  the  Potomac  "  is  28.4  and  102^  feet,  mreas- 
ured  horizontally  along  the  boundary  line  from  the  holt  and  the 
mound  respectively.  For  description  of  bolt  and  mound  see  page 
133.  The  point  E  has  likewise  been  marked  by  a  cross  cut  in  the 
rocky  ledge,  so  that  with  the  aid  of  the  data  given  above  M  can  also 
be  recovered  from  E. 

In  the  main  triangulation  system  the  pole  sighted  upon  was 
always  at  ^f,,  i,  e,  the  triangulation  station  representing  the  "  mouth 
of  the  Savage ''  was  a  so-called  "  eccentric  one."  The  simplest  way 
of  making  the  proper  correction  in  the  computation  so  as  to  refer  Mx 
to  the  **'  mouth  "  was  by  substituting  for  the  point  M^  the  point  3/2, 
obtained  with  the  aid  of  the  known  approximate  bearing  of  the  bound- 
ary line.  And  as  M2  was  in  the  same  line  with  Mx  and  Z>,  it  was 
only  necessary  when  solving  the  triangles  of  the  main  system  to 
.substitute  instead  of  the  side  M^D  the  side  3f  2Z?. 

DETEKMINATION    OF    TERMINAL    POINT    OF    ENTIRE    BOUNDARY    LINE. 

This  point  was  to  be  the  terminal  point  of  a  straight  line  connect- 
ing the  middle  of  the  mouth  of  the  Savage  river  {M)  with  the 
nearest  point  of  the  boundary  of  the  state  of  West  Virginia  (the 
further  bank  of  the  Potomac).  This  point  was  determined  by  Mr. 
Beall  and  then  referred  by  triangulation  to  the  station  Mx  by  Messrs. 
Beall  and  Brown.     The  angles  measured  for  this  purpose  were: 
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Anflrle. 

Obsen-er. 

Obaen-ed. 

TMrE 

Bro\vn 

25°  30'  26" 

ERT 

Beall 

63     30     22 

RET 

Brown 

77     43     45 

With  the  aid  of  these  quantities  we  find  that  the  horizontal  length 
of  ET=  122.9  feet,  and  of  ilfir  =  175.6  feet,  and  of  MT  =121^ 
feet. 

These  data  will  suffice  to  enable  one  to  recover  T  from  anv  of  the 
points  (bolt,  cross,  Miy  M2,  mound). 

THE   INITLAX   POINT   OF   THE   LINE. 

This,  according  to  the  act  of  1872,  was  to  be  "  at  the  summit  of 
Big  Back  Bone  or  Savage  mountain,  where  that  moimtain  is  crossed 
by  Mason's  and  Dixon's  line."  On  July  20th  the  two  surveyors  and 
1  went  to  the  top  of  Savage  mountain  in  order  to  determine  the  start- 
ing point  of  our  line.  A  mound  on  the  top  of  the  moimtain,  about 
50  yards  south  of  the  gate-house  of  the  Standard  Oil  Pipe  Line,  had 
been  pointed  out  to  me  by  Mr.  C.  Bolden,  living  in  the  vicinity,  as 
being  doubtless  one  of  the  Mason  and  Dixon  mounds. 

In  this  region  the  real  Mason  and  Dixon  line  was  in  dispute. 
Two  lines  differing  100  feet  and  more  have  been  taken  at  various 
times  as  the  state  boundary  line.  The  original  mounds  seemed  to 
have  been  lost,  and,  unfortimately,  the  comers  of  the  old  military 
lots  were  likewise  marked  by  mounds,  so  that  it  was  difficult  to  vouch 
for  the  authenticity  of  a  mound  found  in  this  locality.  The  engi- 
neer who  laid  out  the  pipe  line  was  instructed  to  remain  everywhere 
10  vards  awav  from  the  Mason  and  Dixon  mounds.  Not  finding:  any 
authentic  moimds  in  this  locality,  he  went  far  enough  away  to  be 
surelv  in  Pennsylvania.  When  he  had  run  west  several  miles,  he 
found  authentic  mounds  again  and  switched  his  line  back  again,  in- 
troducing thus  a  very  noticeable  crook  in  his  line. 

We  were  accordingly,  obliged  to  spend  more  time  in  the  determina- 
tion of  the  initial  p:>int  than  we  had  bargained  for.  We  first  ran  a 
line  due  east  from  the  mound  pointed  out  by  Mr.  Bolden,  and  levels 
were  taken  by  Messrs.  Brown  and  Beall.     The  result  of  these  levels 
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is  shown  in  Fig.  13.  The  highest  point,  as  agreed  upon  by  Messrs. 
Beall  and  Brown,  was  278  feet  due  east  of  the  center  of  the  mound. 
This  point  was  temporarily  accepted  as  the  initial  point  of  the  boun- 
dary line.  It  was  found,  furthermore,  that  the  crest  of  the  mountain 
for  nearly  100  yards  ran  in  the  direction  of  the  boundary  line,  hence 
a  very  precise  determination  of  the  point  of  the  crest  where  the  true 
Mason  and  Dixon  line  crossed  was  not  essential  for  the  purpose  of 
running  the  boundary  line  we  were  called  upon  to  trace.  I  therefore 
decided  to  make  the  point  determined  by  the  surveyors  my  tri- 
angulation  station,  and,  in  fact, 
traced  out  the  entire  line  from 
this  point. 

This  point  has  since  been 
found,  in  1902,  by  Captain  W. 
O.  Hodgkins  of  the  U.  S.  Coast 
and  Geodetic  Survey,  the  engi- 
neer in  charge  in  behalf  of  the 
states  of  Maryland  and  Penn- 
svlvania  for  re-tracing  tlie 
Mason  and  Dixon  line,  to  be  on  *""  *°p  "'  ^'«  ®'''«^'  "°""*"°- 
the  state  line  and  has  been  permanently  marked  by  him. 

In  1898,  when  the  true  location  of  the  Mason  and  Dixon  line  was, 
as  stated,  a  matter  of  dispute,  the  following  additional  work  was 
done  in  order  to  test  the  point  from  which  the  boundary  line  was 
traced. 

Messrs.  Beall  and  Brown  ran  a  due  west  line  for  nearlv  a  mile  and 
likewise  examined  a  large  stone  mound  2^  miles  to  the  west.  Xo 
entirely  conclusive  evidence  as  to  the  real  state  line  could,  however, 
be  obtained.  It  was  therefore  decided  that  Mr.  Beall  should  ex- 
amine the  mounds  to  the  east  of  the  Big  Savage  mountain,  viz. :  the 
one  on  the  top  of  Little  Allegany  mountain,  about  5  miles  away, 
and  the  other  on  the  top  of  Wills  mountain,  9  miles  from  the  top  of 
Savage  mountain.  It  was  found  that  according  to  the  Mason  and 
Dixon  line  as  defined  by  these  two  mounds,  my  triangulation  station, 
referred  to  above,  was  42.05  feet  too  far  south.     I,  accordingly, 


Fig.  13 Profile  of  line  of  leycls  across 
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placed  a  temporary  initial  monmnent^  46.82  *  back  of  my  triangu- 
lation  station  and  in  the  direction  of  the  boundary  line.  In  the 
winter  of  1902,  when  Captain  Hodgkins  determined  the  true  loca- 
tion of  the  Mason  and  Dixon  line  he  found,  as  already  stated,  that  my 
triangulation  station  was  situated  on  the  Mason  and  Dixon  line  and 
that  the  reason  it  appeared  in  1898  to  be  too  far  south  by  42.05  feet 
was  because  of  there  being  a  cusp  in  the  original  Maaon  and  Dixon 
line  to  the  east  of  Savage  mountain.  He,  accordingly,  under  author- 
ity of  the  State  Geologist,  moved  the  temporary  initial  monument 
above  mentioned  to  a  point  southward,  coinciding  practically  with 
my  triangulation  station;  the  distance  the  temporary  initial  monu- 
ment of  1898  was  moved  along  the  line  southward  was  46.6  feet 

The  Masking  of  the  Boundaky  Line. 

the  manner  of  masking. 

Section  2  of  the  act  creating  the  survey  designates  that  the  boun- 
dary line  shall  be  permanently  marked  at  its  terminal  points,  and 
tliat  along  the  same  shall  be  planted  suitable  stones  properly  marked 
at  intervals  of  not  over  a  mile.  A  great  deal  of  thought  was  spent 
ujx^n  the  kind  of  monuments  to  be  planted  along  the  line.  The  mon- 
uments must  be  such  as  to  insure  their  not  being  disturbed  or  de- 
stroyed for  a  long  time  to  come.  The  appropriation  was  not  suf- 
ficient to  warrant  our  having  stones  especially  cut  and  lettered  for 
the  purpose  and  to  defray  the  cost  of  their  transportation  to  the  tops 
of  the  many  high,  steep  hills  and  mountains  along  the  line.  Nor  has 
it  been  found  especially  desirable  in  the  marking  of  boundary  lines 
to  have  as  a  marking  stone  one  possessing  an  inherent  commercial 
value.  It  was  finally  decided  to  mark  the  line  in  the  following  man- 
ner. A  hole  2-3  feet  square  and  about  2  feet  deep  was  dug.  At  the 
bottom  of  this  hole  was  placed  a  good,  substantial,  flat  stone  obtained 
in  the  vicinity,  usually  about  4  inches  thick  and  squaring  from  two 
to  four  feet.  A  hole  drilled  in  this  subsurface  stone  or  a  cross  cut 
ill  it  marked  the  precise  point  of  the  line.     On  top  of  the  flat  stone 

^  42.05  feet  multiplied  into  the  secant  of  the  true  bearing  of  the  boundary 
line,  N.  26°  04.9'  E.=  46.82  feet. 


H*nVLANO  OEOLOaiCAL  SURVEY. 


MARTLAND    GEOLOGICAL    SURVEY  129 

was  next  placed  the  surface  marking  stone.  The  surface  stone  was 
a  rough  sandstone  also  obtained  in  the  vicinity,  one  so  large  as  to 
require  two  or  three  men  in  handling  it.  The  length  was  about 
three  feet;  the  top  was  50  square  inches  and  more.  A  cross  or  a 
hole  in  the  top  of  the  stone  marked  the  precise  point.  Around  the 
:narking  stone  was  raised  a  mound,  8  feet  in  diameter,  generally  con- 
sisting of  earth  and  stones  and  coming  up  to  the  top  of  the  stone  or 
to  within  a  few  inches  of  the  top.  The  marking  stone  was  then 
most  firmly  packed  and  braced  on  all  sides.  Finally  a  trench  6-8 
inches  deep  and  a  foot  wide  was  dug  around  the  mound. 

In  placing  the  mounds  we  were  governed  by  the  following  con- 
siderations, as  far  as  the  scanty  funds  at  our  disposal  would  permit : 

1.  From  any  one  mound  at  least  one  other  mound  should  be  visible  or 
might  be  made  visible  with  a  little  cutting  or  by  the  planting  of  a  pole  on 
the  mound,  so  that  the  surveyor  could  get  the  direction  of  the  line  from  the 
mounds  for  the  purpose  of  locating  intermediate  points. 

2.  The  mounds  were  not  to  be  over  a  mile  apart,  as  called  for  by  the  act. 
(This  provision  occasionally  obliged  us,  on  account  of  the  nature  of  the 
ground,  to  put  in  additional  mounds  at  intervals  of  very  much  less  than  a 
mile.) 

3.  A  mound  should  be  put  on  the  highest  ground  in  the  vicinity  whenever 
circumstances  permit  and  provision  (2)  is  not  violated  thereby. 

4.  A  mound  should  be  placed  as  far  as  possible  near  a  fence,  a  road  or 
some  easily  described  place.  It  should  never  be  in  an  open  field  where  it 
is  exposed  to  the  ravages  of  the  ploughshare. 

In  a  total  distance  of  18.6  miles  25  mounds  of  the  above  descrip- 
tion were  constructed. 

LOCATION    OF    THE    MOUNDS. 

As  the  mounds  were  all  constructed  in  the  same  manner,  no  de- 
tailed description  of  each  is  necessary.  Simply  such  information 
will  be  given  as  will  enable  one  to  find  a  desired  moimd.  I  shall 
begin  with  the  mound  on  the  Mason  and  Dixon  line,  as  the  act  re- 
quires the  line  to  begin  at  this  point.  No  number  will  be  found 
marked  on  the  boundary  stones.  The  number  was  omitted  so  as  to 
prevent  the  natural  inference  that  they  are  milestones;  as  above- 
mentioned  the  stones  could  not  be  placed  exactly  a  mile  apart. 
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1.  Mound  on  Mason  and  Dixon  line.  **  On  the  summit  of  Big  Backbone  or 
Savage  mountain,  where  that  mountain  is  crossed  by  Mason's  and  Dixon's 
line."  Reached  by  mountain  road  from  Mount  Savage  railroad  station.  A 
more  roundabout  way,  but  a  better  road«  is  from  Frostburg  by  way  of 
Finzell  poetofflce.  The  gate-house  of  the  Standard  Oil  Pipe  Line  is  about 
70  yards  to  the  north  of  the  mound. 

The  monument  is  tightly  wedged  between  two  ledges  of  rock  with  stones 
piled  around.  A  hole  1  inch  in  diameter  and  %,  inch  deep  was  drilled  in 
the  top  of  the  western  and  higher  rock  3.74  feet  west  of  the  monument. 
This  stone  monument  can  be  replaced  easily  in  case  it  should  be  thrown  out 
of  position  in  some  manner  with  the  aid  of  the  following  marks: 

(1)  An  expansion  bolt^  driven  in  a  sandstone  rock  109.1  feet  forward  (i.  e. 
southward)  of  the  center  of  hole  in  monument. 

(2)  Two  similar  bolts,  22%  feet  and  60%  feet,  respectively,  driven  in  solid 
sandstone  rocks,  back  of  center  of  hole  in  monument 

The  boundary  line  passes  through  the  centers  of  these  three  bolts. 

[The  above  description  applies  to  the  present  (1903)  site  of  the  initial 
mound.  As  already  related  on  page  128,  the  temporary  initial  mound  was 
45.6  feet  back  of  the  present  one.] 

2.  Mound  on  Mount  Savage  fire-clay  hill.  About  500  feet  from  second 
dump  on  fire-clay  incline  plane.  Most  easily  reached  from  Mount  Savage  or 
from  Finzell.  Marking  stone  is  31/2  feet  high  and  8  x  10  inches  square,  with 
a  hole  in  top  marking  precise  center.  Mound,  trench,  subsurface  stone  as 
prescribed.  Pitch  pine  tree  18  inches  in  diameter  stands  about  9  feet  north 
of  mound. 

3.  Mound  on  Piney  Hill,  better  known  as  Cranberry  Hill.  About  300  feet 
east  of  mountain  road  known  as  Cranberry  road,  running  north  from 
National  Road  to  fire-clay  mine.  The  subsurface  stone  is  about  5  inches 
thick  with  center  marked  on  it;  on  this  was  placed  a  stone  2y2  feet  high 
and  5  X 10  inches  square  with  hole  in  top.  Mound  and  trench  around  the 
stone  as  usual. 

4.  Mound  on  Roaring  Hill.  About  one  mile  north  of  National  Road,  where 
old  toll-gate  formerly  was,  not  far  from  house  occupied  at  present  by  John 
Workman.  A  subsurface  stone  (with  center),  mound  and  trench  as  usual. 
The  upper  stone  is  2  feet  long  and  5  x  12  inches  square,  the  longer  dimension 
being  along  the  line.    A  drill  hole  started  in  top  of  stone  marks  precise  point. 

5.  Mound  on  National  Road,  li/o  mile  from  Frostburg,  on  south  side  of 
pike  and  about  56  feet  west  of  iron  columns  marking  site  of  old  toll-gate. 
The  principal  stone  is  dressed,  of  white  marble,  3  feet  long  and  6x6  inches 
square,  with  corners  rounded  off  to  prevent  chipping.  A  ^-inch  hole  in 
top  marks  precise  point,  and  the  top  of  stone  is  lettered  as  follows: 

^  These  bolts  wedge  tight  in  driving;  the  head  is  one  inch  square,  and  they 
are  V2  inch  in  diameter  and  21/2  inches  long. 
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On  the  east  side  of  stone  is  the  letter  A  and  on  the  west  side  G.  The  monu- 
ment rests  on  a  flat  rock  (the  subsurface  mark)  and  is  set  in  a  mixture  of 
broken  stone  and  hydraulic  cement.  The  usual  mound  and  trench  sur- 
round the  monument. 

6.  Mound  on  hill  south  of  National  Road.  About  %  of  a  mile  south  of  pike, 
between  two  runs,  on  level  piece  of  cleared  ground  near  an  old  road  and 
near  Frostburg  pipe  line  for  water  supply,  and  not  many  feet  west  of  artesian 
well.  The  upper  rock  is  2%  feet  long  and  about  6  inches  square  on  top.  A 
drill  hole  started  in  top  marks  center.  Subsurface  stone,  mound  (9  feet  in 
diameter)  and  trench  as  usual. 

7.  Mound  near  old  Braddock  road,  on  hill  north  of  Winebrenner  run,  ly, 
mile  north  of  Midlothian.  The  mound  is  about  50  yards  north  of  the  Brad- 
dock  road.  The  upper  stone  is  about  3  feet  long,  8  inches  square,  rudely 
dressed  and  with  center  marked  in  top.  Subsurface  mark,  mound  and  trench 
as  prescribed. 

8.  Mound  on  hill  south  of  Winebrenner  run.  %  of  a  mile  northwest  of 
Midlothian.  On  the  face  of  hill  sloping  toward  N.  E.,  upon  lower  part  of 
spur,  about  half-way  to  top  of  hill  and  near  an  old  log  road,  one-quarter  of 
a  mile  south  of  Benjamin  Filer's  house,  which  is  in  sight.  The  upper  stone 
is  2.2  feet  long  and  8  inches  square  on  top  with  center  marked.  Subsurface 
stone,  mound  and  trench  as  usual. 

9.  Mound  on  hill  north  of  Staub  Run.  About  %  of  a  mile  northwest  of 
Carlos,  on  farm  belonging  to  William  Filer.  In  the  woods,  about  100  yards 
south  of  rail  fence  at  brow  of  hill,  where  miner's  path  intersects  fence.  This 
path  leads  down  to  road  coming  out  at  Carlos.  The  upper  stone  is  a  red 
sandstone,  about  5  inches  thick  and  about  2y2  feet  long,  with  hole  drilled  in 
top.  Subsurface  stone,  mound,  trench.  Mound  had  to  consist  chiefly  of 
stone. 

10.  First  mound  on  hill  south  of  Staub  Run.  About  %  of  a  mile  west  of 
Carlos.  Take  road  as  far  as  William  Filer's  house,  then  follow  miner's  path 
to  mine  opening  about  14  mile,  then  bear  to  the  right  to  cutting.  The  hill 
belongs  to  the  Consolidation  Coal  Company. 

11.  Second  mound  on  hill  south  of  Staub's  run.  About  268  paces  south  of 
first  mound.  The  two  mounds  were  placed  so  near  to  each  other  so  as  to  give 
intervisible  points  to  the  north  and  south.  From  north  mound,  mounds 
9,  7,  4  and  1  are  visible  (or  can  be  made  so),  and  from  south  mound  No.  12 
can  be  seen. 

12.  Mound  on  north  side  of  Koontz  Hill.  South  of  Wright's  Run  and 
reached  from  either  Lonaconing,  Midland  or  Ocean.  A  road  passes  within 
20  yards  of  the  mound  and  continues  northward  on  down  the  hill  to  Ocean, 
or  southward  past  Cutter's  bam  down  the  hill  to  Lonaconing.  Not  a  very 
good  looking  stone,  but  a  substantial  ore,  forms  the  principal  stone.  The 
mound  consists  chiefly  of  stone. 
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13.  Mound  on  south  side  of  Koontz  Hill.  About  2  miles  northwest  of 
Lonaconing.  On  the  south  side  of  lane  leading  to  the  west  of  gate  to  Cut- 
ter's bam  and  house,  and  70  yards  from  the  gate.  The  farm  belongs  to  the 
New  Central  Coal  Co.,  and  is  rented  by  Barney  Cutter,  whose  brother.  Henry, 
is  at  present  living  on  the  place.  The  precise  point  is  marked  by  a  cross  cut 
in  stone,  3%  feet  long  and  about  7x7  inches  square.  In  center  of  cross  was 
drilled  a  y^-inch  hole.  From  this  mound,  mound  No.  15  can  be  seen  by 
planting  a  pole  on  top  of  it. 

14.  Mound  on  Pea  Ridge  road.  On  the  north  side  of  the  road  leading  from 
Lonaconing  to  Pea  Ridge,  about  ly^  mile  from  Lonaconing.  Center  stone  is 
about  13  inches  square  and  about  3y2  feet  long,  resting  about  2  feet  in  the 
ground.  Precise  point  was  marked  with  a  pick  in  center  of  stone.  No  sub- 
surface mark.  Mound  about  l^j  foot  high  and  6  feet  in  diameter,  consisting 
of  earth  and  stone  thrown  up  against  center  stone. 

15.  Mound  on  hill  west  of  Lonaconing.  On  property  of  Maryland  Coal 
Company;  near  fence  on  west  side  of  meadow  south  of  house  occupied  by 
Mr.  Weir,  who  is  the  present  tenant  of  the  farm.  Precise  point  is  marked 
by  a  cross  and  ^-inch  hole  in  center  of  top  of  central  stone  of  mound. 
Subsurface  stone,  mound  and  trench  as  usual.  From  this  mound  are  visible 
several  points  in  the  line  as  far  south  as  Franklin  Hill. 

16.  Mound  on  Detmold  Hill.  On  the  west  end  and  on  the  highest  point  of 
the  hill.  Reached  by  Miller  road  running  from  Detmold  to  Grantsville,  within 
about  ^  of  a  mile  to  the  west  of  mound.  Mound  is  built  on  an  undisturbed, 
solid  stone  with  subsurface  mark  on  it,  and  around  a  smooth,  upright  stone. 

3  feet  long  and  6x9  inches  on  top. 

17.  Mound  near  Miller  road.  South  of  Detmold  Hill,  between  Laurel  Run 
and  Miller  road,  which  runs  from  George's  Creek  road  to  Grantsville;  one 
rod  north  of  road  and  about  ^  of  a  mile  from  Robert  Green's  farm.  The 
precise  point  is  marked  by  a  hole  in  the  central  stone,  which  is  3  feet  long 
and  8x10  inches  on  top.    Subsurface  mark,  mound,  trench. 

18.  Stone  on  North  Pickell  Hill.  About  %  mile  to  the  north  of  next 
mound  (No.  19).    No  mound  was  built,  but  simply  a  stone  2  feet  long  and 

4  X  14  inches  on  top  was  set  in  the  ground  and  stones  firmly  packed  around 
it.  The  stone  is  north  of  a  road  to  meadow  on  hill.  Coal  mines  are  on 
fire  on  this  hill. 

19.  Mound  on  South  Pickell  Hill.  Reached  from  Barton  by  taking  county 
road  to  Grantsville,  or  also  from  Moscow,  mound  being  about  2  miles  west 
of  latter  point.  Constructed  in  the  usual  manner.  Precise  point  is  a  cross 
cut  in  top  of  central  stone. 

20.  Mound  on  Bartlett  Road.  On  county  road  leading  from  Barton  to 
Grantsville,  about  iv,  rod  north  of  road,  on  land  owned  by  Wm.  Sommerville. 
Constructed  in  the  prescribed  manner. 

21.  Mound  on  Swanton  Hill.  Reached  from  Barton  by  a  very  steep  road 
to  top  of  hill.  Mound  is  about  40  paces  north  of  barbed-wire  fence  dividing 
the  American  Coal  Co.  property  from  that  of  the  Swanton  Coal  Co.  The 
precise  location  can  be  pointed  out  by  Peter  Shaw,  who  lives  on  top  of  hill. 
The  central  stone  of  the  mound  has  a  cross  cut  in  the  top  and  the  letters 
A  and  O  rudely  cut  in  the  sides.  Franklin  Hill  mound  (No.  24)  can  be  seen 
from  this  point;  also  No.  15. 


MARYLAND    GEOLOCilOAT.    SURVEY  133 

22.  Mound  on  Phoenix  Hill.  Reached  from  Morrison  switch  by  taking 
Phoenix  Hill  road.  It  is  on  the  summit  of  the  hill  In  a  meadow  owned  by 
Davis  Coal  Co.  and  leased  by  John  Lannon.    Built  in  the  usual  manner. 

23.  Monument  on  county  road  south  of  Phoenix  Hill.  Reached  from  Frank- 
lin railroad  station.  On  the  north  side  of  the  road.  A  good,  substantial  stone 
firmly  set  In  the  ground  and  smaller  stones  packed  around  It.  The  mound  Is 
about  three  rods  east  of  U.  P.  Gannon's  house. 

24.  Mound  on  north  side  of  Franklin  Hill.  On  the  highest  point  of  the 
hill  reached  by  the  line.  About  50  feet  to  the  south  the  hill  breaks  off  very 
abruptly  and  only  a  short  distance  beyond  the  tramway  curves  around  the 
hill  to  the  west.  The  central  stone  is  about  2yo  feet  long  and  about  12  Inches 
square.  A  cross  cut  In  the  top  marks  the  precise  point.  Subsurface  stone, 
mound  and  trench. 

25.  Mound  on  south  side  of  Franklin  Hill.  About  20  yards  north  of  county 
road  where  It  crosses  bridge  over  the  Davis  coal  mine  plane.  The  subsur- 
face Is  a  cross  cut  In  a  sandstone  about  1%  ^oot  long,  8  Inches  wide  and  10 
Inches  thick  lying  with  the  longer  dimension  at  right  angles  to  the  line.  On 
this  solid  stone  rests  a  dressed  marble  post  21/2  feet  long  and  6  inches  square. 
Around  the  stone  is  a  mound  8  feet  in  diameter,  consisting  of  earth  and 
stone;  a  trench  encircles  the  mound.    The  stone  Is  lettered  on  top: 
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On  the  west  side  is  the  letter  G  and  on  the  east  side  A.  The  precise  center 
Is  marked  by  a  halMnch  hole  drilled  In  the  top  of  the  stone. 

26.  Mound  at  mouth  of  the  Savage.  On  the  south  side  of  the  road  leading 
to  Bloomlngton  about  100  feet  above  the  Savage  River.  The  central  stone 
is  a  dressed  marble  post,  2%  feet  long  and  6  inches  square,  marked  and  let- 
tered as  in  the  case  of  No.  24. 

27.  Bolt  in  rock  at  mouth  of  Savage  river.  Set  with  plaster  of  parls  In 
a  good  firm  rock  close  to  the  river.  Bolt  Is  %  Inch  In  diameter;  head  about 
1^  inch  round.  For  references  and  distances  to  other  marks  at  the  mouth 
of  the  Savage,  see  page  — . 

Magnetic  Work  done  in  connection  with  the  Boundary  Line. 

I  found  it  impracticable  with  the  limited  time  and  funds  at  my 
disposal  to  transjKjrt  the  s^iecial  magnetic  outfit  to  the  tops  of  the 
many  high  hills  along  the  line.  Instead  of  this,  Mr.  lirown,  whose 
magnetic  needle  was  in  very  excellent  condition,  was  instructed  to 
read  his  needle  whenever  oi)iK)rtunity  afforded.  On  a  subsequent 
page  are  given  the  data  for  determining  the  approximate  correction 
to  \\e  applied  to  Mr.  Brown's  results  in  order  to  re<luce  them  to  those 


134 


ALI.Kr.ANY-GARRETT    BOUNDARY   LINE 


Magnetic  Readingn  taken  bff  Surt*eyor  Broum^  trith  the  needle  of  hU  transit^  at  variotts  points  along 
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£ 

4  07.7 

-1.0 

'  -4.8 

—  0.5 

4  01.4  1 

3  50  p 

N  30  10 

£ 

N 

2(5  04.3 

£ 

4  05.7 

-1.0 

-2.1 

'  -0.5 

4  0:i.iy 

Aug.  26  10  20  a 

N  30  03 

E 

N 

26  04.3 

E 

3  58.7 

-1.0 

-0.6 

-0.5 

3  56.6 ; 

1        " 

;                            1 

12  15  a 

N  30  10 

£ 

N 

26  04.3 

£ 

4  05.7' 

-1.0 

-4.7 

-0.5 

1              , 

3  59.5J 
Mean  8  59.9' 

Mound  8 

.,  Aug.  20, 

2  00  p 

N  30  11 

£ 

N 

26  04.3 

E 

4  05.7' 

-1.0 

-4.8 

-0.5 

3  59.4 

Mound  10 

.    Aug.  23  10  50  a 

N  30  06 

E 

N 

26  08.4 

E 

4  04.6 

-1.0 

1  -2.8 

'  -0.4  1 

4  00.4 

J 

1  30  p 

N  30  08 

E 

N 

26  03.4 

E 

4  04.6 

-1.0 

-4.9 

i  --^•*  1 

3  58.S 

1 

4  00  p 

N  30  05 

E 

N 

26  03.4 

£ 

4  01.6 

-1.0 

-1.8 

'  -0.4  ' 

3  58.4 

Aug.  24 

9  15  a 

N  30  02 

E. 

N 

26  03.4 

£ 

3  58.6' 

-1.0 

+  2.0 

1  -0.4  ' 

3  59.2 

1 

2  00  p 

N  30  02 

E; 

N 

26  08.4 

£ 

3  58.6 

1 

-1.0 

-4.1 

-0.4  1 

1 

3  53.1 
Mean  3  57.9 

Mound  13 

.  i  Aug.  22 

9  25  a 

N  29  59 

E 

N 

26  02.1 

£ 

3  56.9' 

-1.0 

+  1.8 

-0.4' 

3  57.31 
48.5  f 

. 

1  00  p 

N  29  52 

E 

N 

26  02.1 

£ 

3  49.9 

-1.0 

!  -5.0 

!  -0.4  1 

1 

Mean  3  50.4 

Mound  15   .... 

.    Aug.  19 

2  15  p 

N  30  03 

E 

N 

26  02.4 

E 

4  00.6 

-1.0 

-4.6 

1  -0.4 

3  54.6 

Mound  IH 

.    Aug.  31. 

5  30  p 

N   29  59 

£ 

N 

26  00.9 

£ 

8  68.1 

-1.0 

-0.2 

-0.5 

3  56.4 

Mound  19 

.    Aug.  31 

2  30  p 

N  30  02 

£ 

N 

26  00.9 

£ 

4  01.8 

-1.0 

-4.3 

!  -0.5 

3  55.6 

Mound  21 

. '  Aug.  18 

9  43  a 

N  29  50 

E 

) 

( 

3  48.7 

-1.0 

+  1.3 

-0.4 

3  48.5 1 

1 

10  43  a 

N  29  53 

E 

IN2601.8E^ 

8  51.7 

-1.0 

-1.8 

-0.4 

3  48.5  . 

1 

1 

3  00  p 

N  29  58 

E 

) 

( 

3  56.7| 

i 

-1.0 

-8.7 

-0.4  ! 

8  52.6 
Mean  3  49.9 

Mound  23    

Aug.     20; 

5   15  p 

N  29  50 

£i 

N 

25  59.7 

£ 

3  50.3 

-1.0 

-0.4 

-0.4  i 

3  48.5 

Mound  24 

.  1  Aug.  20  12  30  p 

N  29  52 

E 

N 

25  59.6 

£ 

3  53.4, 

-1.0 

-4.9 

-0.4 

1                           1 

8  47.1 1 

2  40  p 

N  29  52 

E 

N 

25  59.6 

E  1 

8  53.4! 

-1.0 

-4.1 

-0.4' 

S47.9( 
Mean  3  47.5 

Mark  27  » 

.    July  19 

f*  r 

S    29  52 

E 

8 

3;^  02.9 

£ 

8  10.9 

-1.0 

-8.0 

-0.1 

3  06.8 

Z  1 

8    29  .50 

E 

8 

33  02.9 

E 

8  12.9 

-1.0 

-8.0 

-O.l 

3  08.8 

July  19 

p  - 

o 

c9      V 

N  89  46  W 

N 

93  01.5  W 

3  15.5 

-1.0 

—  8.0 

-0.1 

3  11.4 

N   S«J  50  W 

N 

93  01.5 

W 

3  11.5 

-1.0. 

-3.0 

-0.1 

3  07.4 

Aug.  1 1 

9  50  a 

8    29  57 

E 

8 

33  02.9 

£ 

3  05.9 

-1.0 

+  0.8 

-0.3 

3  05.4 

4  00  p 

8    29  57 

E 

8 

33  02.9 

£ 

3  05.9 

-1.0 

-1.9 

-0.3 

302.7 
Mcan3  07.r 

Daniels  A   

July  2K 

2  00  p 

N  29  45 

^V; 

N 

33  02.1  W 

8  17.1; 

1 

1 

-1.0 

i 

-4.8 

-0.2  1 

3  11.1 

1  At  triangulatlon  station,  46.84  feet  from  Mound  1  and  forward  along  boundary  line. 
'  At  triangulatlon  station  i/|,  28  feet  north  of  bolt 


MARYLAND    GEOLOGICAL    SURVEY  135 

obtained  with  the  instrument  used  in  the  magnetic  survey  of  Mary- 
land, viz.  Coast  and  Geodetic  Survey  magnetometer  No.  18. 

Complete  .magnetic  observations,  i.  e.  magnetic  declination,  mag- 
netic inclination  and  intensity  of  magnetic  force,  were  made  by  me 
with  the  si>ecial  magnetic  outfit  at  two  places  near  the  line:  at  West- 
emport  in  1897  and  at  Lonaconing  on  August  31,  1898.  Only  tlu> 
results  for  magnetic  declination  need  be  given  herewith. 

o^-x,__  Tk-^_  Magmctic  decrn  approximately 

atation.  uate.  reduced  to  mean  of  day. 

o       / 

Westeraport,  Ang.    3,  1897.  3  46.2  West 

Lonaconing,  Aug.  31,  1898.  3  51.0     '♦ 

The  station  at  Westernport  is  on  north  side  of  hill,  along  road 
leading  down  to  the  river  from  W.  Va.  R.  It.  station,  and  about  100 
yards  east  of  last  house.  The  station  at  Lonaconing  is  in  south  part 
of  base-ball  field,  south  of  Maryland  Coal  Company's  office.  The 
precise  point  at  Lonaconing  is  marked  by  a  locust  stake  and  can  be 
pointed  out  by  Mr.  F.  E.  Bracket. 

^fr.  RroA\Ti  states  that  none  of  his  magnetic  readings  is  the  result 
of  one  reading  alone,  but  always  the  average  of  two  or  more  readings, 
the  needle  having  been  lifted  between  times. 

The  corrections  applied  to  the  observed  magnetic  declinations  in 
the  foregoing  table  were  derived  as  follows : 

I. — Index  or  Needle  Correction  The  data  furnishing  the  correction  to  be  applied 
to  the  declinations  observed  with  Mr.  Brown's  needle,  are : 

Brown*B        Mean  Magnetic  Correc. 

obsM                 Decrn.  tlon  to 

Date,             Eastern           mae'c  , » ,  Brown's 

Station.                                     IKM.                time.             decrn.  Drown.       Bauer,  needle. 

h.  m.  o    ^  o    /         o    /  / 

1.  Oakland  C.  II.  Meridian,         June  34.       10  50  a      S  26.5       a  25.4    3  25.7       +0.3 

2.  Lonaconing  Mag.  8.  station,  Sept.     1.         4  12  p       3  55.9       3  54.6     3  51.0       —3.6 

3.  Corunna  Meridian.  Sept.    5.       10  40  a       3  22  3  20.3     3  19.5       —0.8 

Brown  remarks  that  Nos.  1  and  3  were  observed  in  shade  and  No..  2  in  hot  sun. 
Bauer's  magnetic  declinations  for  Nos.  1  and  3  are  the  values  obtained  in  1897  with 
Coast  and  Geodetic  Survey  Magnetometer  18,  reduced  to  date  of  Brown's  observa- 
tions;   the  value  for  No.  2  was  obtained  on  Aug.  31,  189S,  with  same  magnetometer. 

Correction  adopted  to  be  applied  to  Brown's  values,  >^f +  0.3 +  >^(— 3.6— 0.8)1 
=  -K0 

II.  Correction  on  account  of  diurnal  variation.  See  my  table  for  reducing  an 
observed  magnetic  declination  to  mean  of  day,  p.  457  in  First  Report  on- Magnetic 
Work  in  Maryland,  in  Vol.  I,  Md.  Geol.  Survey.  This  table  has  been  reproduced  on 
p.  138,  but  with  the  signs  reversed. 

III.  Secular  variation  correction.  At  the  rate  of  3' per  annum;  all  of  Brown's 
observed  magnetic  declinations  have  thus  been  reduced  to  the  middle  of  year  of 
survey— 1898  >^. 
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ALLECJANY-GARKETT   BOUNJ)ARY   LINE 


Collecting  the  various  results  obtained,  we  have  the  followinjg^ 
values  of  the  niagnetie  declination  in  the  n^gion  traversed  by  the 
boundar}"^  line. 

Summary  of  the  Values  of  the  Magnetic  Declinations  along  the  Boundary  Line. 


Station. 

Latitude.* 

Longitude  > 
W.  ofOr. 

Mean 

maenetic 

declination 

In  m^H. 

Observer. 

Normal 

manetlc 

decimation 

ini!ae>i 

Difference. 

o 

/ 

o      / 

o     / 

o 

/ 

/ 

Mound  1 

39 

43.4 

78  54.8 

4  07.7  W 

W.  M.  B. 

07.7 

0.0 

Moaud  2 

39 

42.5 

78  55.4 

4  06.5 

tt 

06.6 

+  0.1 

SampsoD  Rock 

39 

42.5 

78  55.8 

3  58.4 

(t 

06.6 

f  8.2 

Mound  4 

39 

41.2 

78  56.1 

4  04.1 

(t 

04.6 

+  0.5 

Mound  5 

39 

40.5 

78  56.6 

4  04.7 

t( 

03.6 

-1.1 

Mound  7 

39 

89.3 

78  57.3 

8  59.9 

t( 

01.7 

+  1.8 

Mound  8 

39 

38.6 

78  57.7 

3  59.4 

It 

00.8 

+  1.4 

Mound  10 

39 

37.3 

78  58.5 

3  57.9 

(( 

8 

58.8 

+  0.9 

Mound  13 

39 

35.7 

78  59.5 

3  50.4 

(( 

8 

56.4 

+  6.0 

Mound  15 

39 

34.7 

79  00.1 

3  54.6 

It 

3 

55.0 

+  0.4 

Mound  18 

39 

83.0 

79  01.2 

8  56.4 

tt 

8 

52.1 

-4.3 

Mound  10 

39 

32.8 

79  01.3 

3  55.6 

tt 

8  52.1 

-4  5 

Mound  21 

39 

81.8 

79  01.9 

3  49.9 

tt 

8 

50.8 

+  0.9 

Mound  23 

39  30.1 

79  08.0 

3  48.5 

tt 

8 

48.2 

-0.3 

Mound  24 

39 

29.7 

79  03.3 

3  47.5 

tt 

8 

47.5 

0.0 

Mark  27 

39 

28.8 

79  04.0 

3  07.1 

tt 

3 

46.2 

+  39.1 

Daniels  A 

39 

28.0 

79  02.7 

3  11.1 

tt 

Lonaconing 

39 

33.6 

78  59.1 

3  50.5 

L.  A.  B. 

Westernport 

39 

28.9 

79  02.2 

3  48.9 

tt 

>  The  latitudes  and  longitudes  bere  given  have  been  scaled  from  the  topographic 
sheets  of  the  U.  S.  Geological  Survey  with  exception  of  Mounds  1  and  27  and  Sampson 
Rock. 

By  looking  over  the  figures  in  the  fourth  column  it  will  be  noticed 
tliat  the  magnetic  declination  decreases  quite  uniformly  from  the  in- 
itial p)int  of  the  line  on  the  toj)  of  Savage  mountain  to  Franklin  hill 
(mound  24).  The  total  change  is  20'.2  in  a  total  distance  of  17 J 
miles,  or  the  rate  (jf  decrease  is  1M5  per  mile.  The  same  thing  is? 
shown  by  my  clUirt  of  the  lines  of  equal  magnetic  declination  pub- 
lished in  the  "  Second  Report  on  Magnetic  Work  in  Maryland." 
From  this  chart  we  find  that  the  normal  value  of  the  magnetic  decli- 
nation for  middle*  of  this  vear  would  be  about  3°  46'  at  the  mouth  of 
the  Savage  and  4'^  00'  at  the  initial  ]>oint  of  the  boundary  line. 

There  existfi,  hoirrrer,  a  decided  loeal  attraction  at  the  mouth  of 
the  Savage  river,  the  needle  hehuj  thrown  out  of  its  normal  direction 
hy  'i  of  a  degree — see  last  column  of  table. 
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The  declination  on  Daniel's  farm,  back  of  Piedmont,  appears  to 
1)6  disturbed  by  alx>ut  the  same  amount. 

Additional  Magnetic  Data  Obtained  by  Mr.  Brown^  After  the  Completion  of  the  Survey 

of  the  Boundary  Line.^ 


SUtlOD. 


Moand 


8 

9 

13 

14 


21 
22 
26* 


Date,  IWV. 

Time  of 
Day 

(Eattern 
Time). 

h.   m. 

Jan.  18 

»*    19 

Jan.    2 

2    OOp 
9    50  a 
9    25  a 
2    00  p 
4    OOp 

Jan.  20 
»*    21 
Feb.  4 

4    30  p 

1  20  p 

2  15 
2    20 

Mean  fc 

>r  Md.  26 

Magnetic 

Bearing  of 

Mark. 


N30  08.  E 
N3007.  E 
N29  59.  E 
N30  01.  E 
N3000.3E 


N29  57.  E 
N29  57.  E 
N29  44.0E 
N29  45.5E 


True 

Bearing  of 

Mark. 


N260S.3E 
N26  03.0E 
N26  02.1E 
N26  01.8E 
N2601.8E 


N26  00.6E 
N2600.8E 


Magnate 
Decrn 

(Weat). 


/ 

04.7 
04.0 
56.9 
59.2 
58.5 


56.4 
56.7 


Correct  lont. 


Index    W^*""! 
inaex.     y^^j^ 


1.2 
1.2 
1.2 
1.2 

1.2 


/ 

-2.6 
+  2.3 
+  2.2 
-2.5 
-1.2 


Mean 
Magn'tc 

Decl*n 

Secular  in  IHW.5 
Var'n.     (Went). 


1.7 
1.7 
1.7 
1.5 
1.5 


3 
4 

13 
3 
3 


/ 

59.2 
03.4 
56.2 
54.0 
54.6 


N29  44.8E 


N2559.3E 


3   45.5 


Mean  for  Md.  14 


1.2     -0.8 
1.2     -2.6 


-1.2  :  -2.5 


-1.7 
—  1.7 


3  54.3 
3  52.7 
3   51.2 


-1.7  13    40.1 


These  readings  were  taken  with  the  same  needle  and  instrument  as  used  by 
Mr.  Brown  in  his  previous  work  and  are  generally  the  result  of  several  readings. 
By  comparing  these  later  values  with  those  in  the  foregoing  table,  it  will  be  seen 
that  they  are  in  good  accord.  Mr.  Brown  also  re-occupied  my  station  at  Lonaconing 
CD  December  23,  1898.     The  value  obtained  by  him  reduced  to  1898.5  is  3°  50^9  W. 

'This  table  was  added  in  August,  1899. 

'Over  hub  twenty  feet  south  of  monument  in  direction  of  Boundary  Line. 


Courses  and  Distances. 

On  following  page  is  a  table  giving  the  conrs(»H  and  distances  for 
the  various  mounds.  No  additional  explanation  is  needed  beyond 
that  already  given  in  the  prc^^ding  pages. 
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Number  1 
of  moand. 

Approximate 

dttiance  trom 

initial  monnd 

in  tenthn  of 

a  mile. 

1 

0.0 

2 

1.0 

3 

1.7 

4 

2.7 

5 

3.7 

tf 

4.4 

7 

5.2 

8 

6.0 

9 

6.9 

10 

7.7 

11 

7.85 

12 

8.8 

13 

9.8 

14 

10.6 

15 

11.0 

16 

12.0 

17 

12.9 

18 

13.25 

19 

18.5 

30 

14.1 

21 

14.6 

22 

15.65 

23 

16.75 

24 

17.4 

25 

18.1 

26 

18.6 

27 

18.6 

AI.LEO  AN  V-G  ARRETT 


True  bearlDK 

of  boandary 

line  at 

monnd. 


04.9  W 

04.6 

04.4 

04.1 

03.8 

03.6 

03.3 

03.1 

02.8 

02.5 

02.5 

02.2 

01.9 

01.6 

01.5 

01.2 

01.0 

00.8 

00.7 

00.6 

00.4 

00.1 

59.7 

59.5 

59.8 

59.1 

59.1 

*Note  that  the  number  is  not  marked  on  stone,  but  refers  to  designation  as  given 
in  **  Location  of  Mounds.^' 

'1898.5  and  1900.5  stand,  respactivelyj  for  middle  of  year.  To  get  magnetic 
bearings  for  subsequent  years,  add  a  correction  at  the  rate  of  3^  per  annum.  It 
should  be  noted  that  the  given  quantities  are  the  mean  values  for  the  day.  To 
obtain  the  bearing  at  any  time  of  the  day,  apply  the  corrections  given  in  table  below 
with  the  sign  as  affixed. 


S  26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
25 
25 
25 
25 
25 


BOUNDARY 

LINE 

MaKBetles 

bearing  In 

18W.5. 

MacneUc  s 

bearlnfc  in 

tflOOJi. 

o 

/ 

o 

/ 

V              8  30 

13W 

8  30 

19  W 

30 

11 

30 

17 

30 

09 

30 

15 

30 

08 

30 

14 

30 

05 

30 

11 

30 

04 

30 

10 

30 

04 

30 

10 

30 

01 

30 

07 

29 

57 

30 

03 

29 

57 

30 

03 

29 

56 

30 

02 

29 

55 

SO 

01 

29 

55 

SO 

01 

29     52 


29     58 


29 
29 

29 
8  29 


48 
47 

39 
06  W 


29 
29 

29 
8  29 


54 
53 

45 
12  W 


MoDth. 


6  a.m. 


I       / 

Jan -HO.l 

Feb -0.6 


March  . 
April  . 
May.... 
June.. . 
July... 
August 
8ept.  .. 

Oct 

Nov 

Dec 


-1.2 
-2.5 
-3.0 
-2.9 
-3.1 
-2.9 
-1.8 
-0.5 
-0.5 
-0.2 


/ 

0.2 
0.7 
2.0 

-3.8 

4.4 

-4.6 

-4.9 

-2.8 
-1.6 
-1.2 
-0.3 


1.0 
1.5 

3.o; 

3.4i 
3.9 
4.4' 

■4.91 
5.41 
3.4 
3.1 

-1.7 
0.8 


'    I 
2.1, 

1.9 
•2.8 

3.6' 

2.6 
■3.3 

3.9; 

3.7 

2.5 
-2.8 
-L8 

1.8. 


2.4 
1.4 
1.6 
0.8 
0.1 
1.1 
1.8 
0.4 
0.3 
1.4 
-1.1 


-0.8  -1.8.-1.8 


11 

Noon. 

1 

2 

8 

4 

6 

6  p.m. 

/ 

/ 

/ 

t 

/ 

r 

-1.2 

+  1.1 

+  2.5 

+  2.6 

+  2.1 

+  1.3 

+  0.2 

-0.2 

-1-0.1 

+  1.5 

+  2.1 

+  2.5 

+  2.0 

+  1.2 

+  0.8 

+  0.4 

+  0.6 

+  2.5 

+  3.4 

+  3.7 

+  8.3 

+  2.8 

+  1.2 

+  0.5 

+  2.1 

+  4.0 

+  4.1 

+  4.2 

+  8.6 

+  2.8 

+  1.3 

+  0.2 

+  2.4 

+  4.0 

+  5.0 

+  4.6 

+  3.6 

+  2.3 

+  0.9 

-0.1 

+  2.0 

+  3.6 

+  4.5 

+  4.5 

+  3.8 

+  2.6 

+  1.3 

+  0.2 

+  1.2 

+  3.4 

+  4.4 

+  4.7 

+  4.2 

+  2.8 

+  1.3 

+  0.3 

+  2.8 

+  4.7 

+  5.1 

+  4.9 

+  3.7 

+  1.9 

+  0.6 

-0.8 

+  2.7 

+  4.4 

+  4.6 

+  4.2 

+  4.0 

+  1.4 

+  0.8 

+  0.1 

+  1.0 

+  2.7 

+  3.3 

+  3.4 

+  2.4 

+  1.8 

+  0.4 

+  0.4 

+  0.5 

+  2.0 

+  2.7 

+  2.6 

+  1.8 

+  1.0 

+  0.2 

-0.3 

0.0 

+  1.6 

+  2.4 

+  2.8 

+  1.8 

+  L1 

+  0.8 

-0.1 

For  example,  wanted  the  magnetic  bearing  at  Mound  5  in  June,  1899,  at  8.30  a.  m. 
Magnetic  bearing  as  given  by  the  table  in  1898X,  8  SO^*  08^  W 

Secular  change  for  one  year +03 

Correction  to  reduce  to  8.30  a.  m —04 


Magnetic  bearing  in  1899>^  at  8.30  a.  m.   SO'*  07^ 
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M1SCETJ.ANEOU8  Field  Notes. 

Fire  Ctjvy  Hill,  ITiiion  Mining  Company's  land. — "  Boundary 
line  crosses  plane  alK)ut  250  feet  above  stable."     (Brown.) 

Roaring  Hill,  Borden  Mining  Company's  laud. — "  Boundary 
line  cuts  across  j)orcli  of  house  occupied  by  John  Workman,  leaving 
most  of  it  in  Garrett  county."     (Brown.) 

National  Road. — '*  Boundary  line  is  about  200  feet  east  of  old 
Frostburg  reservoir,  and  about  19  yards  west  from  center  of  iron 
]"K)sts  marking  site  of  old  toll-gate."      (Brown.) 

Carlos. — Boundary  line  passes  east  of  William  Filer's  house. 

Cuisiiolm's  line,  as  pointed  out  to  us,  is  west  of  true  boundary 
line,  4307  feet  at  Mason  and  Dixon  line,  30  feet  on  Koontz  mine  hill, 
at  iK>int  ^  mile  north  of  mound  13,  696  feet  on  hill  west  of  Lonacon- 
ing,  at  point  291  feet  north  of  mound  15,  345  feet  at  county  road 
north  of  Franklin  hill  at  mound  23,  32  feet  on  Franklin  hill  at  point 
78  feet  south  of  mound  25,  and  east  of  true  boundary  line  123  feet 
along  road  to  Bloom ington  at  mound  26. 

Azimuth  of  Observations. — For  the  purpose  of  determining  tlie 
azimuth  or  bearing  of  the  boundary  line,  the  following  determina- 
tions of  the  azimuth  of  the  north  end  of  McKenzie  base  (the  station 
.1  on  the  sketch  showing  main  triangulation)  at  the  triangulation 
station  on  Big  Savage  mountain: 

Date.  18D8.  Azimuth.  Kemarkt. 

July  20,  p.  m.     66°  23^  H     Two  sets  solar  azimuth  observations  witli  4-iii.  theodolite. 
Aug.    3,  a.  m.     66    24  .  4         »'      **         •«  »*  »♦  '»  " 

Mean  66    24J0 
Aug.  36,  66    24.07     One  set,  Polaris  near  eastern  elongation  with  8-in.  theodo- 

lite ;  rain  prevented  obtaining  further  results. 
Adopted,  66°  24>'.07 

Weather. — The  very  large  proportion  of  cloudy  days  and  nights 
during  the  brief  time  that  we  were  in  the  field  prevented  our  getting 
additional  azimuth  observations.  When  at  last  fair  weather  set  in, 
the  appropriation  had  been  exhausted,  further  field  work  had  to  be 
abandoned,  and  so  we  had  to  leave  undone  many  things  that  would 
liave  been  desirable.     Thus,  for  example,  at  several  places  it  would 
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have  ])oeu  well  to  clear  out  the  line  a  little  better.  A  comparatively 
small  additional  apjn'opriation  would  have  sufficed  to  have  cleared 
out  the  entire  line  while  we  were  in  the  field.  Then,  again,  with  the 
aid  of  the  triangulation  stations,  the  horizontal  distances  between  the 
various  mounds  might  have  heen  determined  with  great  accuracy 
ciould  we  have  spent  a  few  days  in  the  field.  This  w^ould  have 
been  of  great  benefit  in  referring  land  surveys  made  in  the  vicinity 
of  the  line  to  established  mounds  whose  ]K)sitions  would  be  so  accu- 
rately known  that  they  could  always  be  precisely  recovered  when  lost. 

Length  of  Boundary  Line. 

With  the  aid  of  the  final  data  referring  to  the  triangulation  stu- 
ti(ms  of  the  U.  S.  Geological  Survey  as  given  on  page  117,  the  length 
of  the  boundary  line  from  mound  1,  on  the  Mason  and  Dixon  Hue 
to  the  bolt  near  the  mouth  of  the  Savage  river  is  found  to  be  08,230 
feet. 

Since  the  "  middle  of  the  mouth  of  the  Savage  river  where  it 
empties  into  the  Potomac  "  is  28  feet  from  the  bolt  (see  p.  125  and 
sketch  p.  123),  the  total  length  of  this  pi>rtion  of  the  boundary  line  is 
98,258  "  feet  =  18.61  miles. 

The  length  of  the  boundary  line  from  the  "  middle  of  the  mouth  " 
to  the  terminal  point  as  stated  on  p.  12G,  is  121^  feet. 

AziML'Tir  OF  Boundary  Line  Between  Mound  1  and  "  Middle 

OF  Mouth  of  Savage  River." 

From  astronomi(^al  observations  (mainly  solar-azimuth  observa- 
tions, see  p.  139)  we  obtain  for  the  azimuth  of  the  boundary  line  at 
the  initial  jxnnt  (mound  1) 

S  20^  05M2  W. 
From  the  geodetic  data  on  ]).  117  w-e  get 

S  20^  04'.73  W. 
Adopted     .     .     .     .     S  20^^  04'. 9 2  W. 

*  An  approximate  check  upon  this  value  is  obtained  with  the  aid   of  the 
small  McKenzie  base  (AB  of  Fig.  9),  viz.:  98,365  feet. 
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At  the  middle  of  the  mouth  of  the  Savage  river  the  bearing  of  this 

portion  of  the  boundary  line  wonld  be  5'.85  less  than  at  mound  1, 

hence : 

N  25°  59'.07  E. 

[As  an  approximate  check  upon  the  bearing  of  the  line  at  the 

"  Mouth,"  we  have  the  following  value  as  dependent  upon  two  sets 

of  solar-azimuth   observations,    with   4   inch    theodolite,   at   station 

Daniels,  viz:     X  26°  OO'.O  E.] 

Latitudes  and  Longitudes. 

Starting  with  the  geodetic  latitude  and  longitude  of  triangulation 
station  "  Sampson  "  as  given  on  p.  117  and  knowing  the  distance 
and  bearing  of  the  initial  point  of  the  line  from  "  Sampson,"  and 
likewise  knowing  the  distance  and  bearing  of  middle  of  moutli  from 
mound  1  as  above  given,  we  get  the  following  geodetic  latitudes  and 
longitudes : 

Latitude.  Lonsritude. 

Initial  Point  i(Mound  1)  39°  43'  22"  78^  54'  50" 

"  Middle  of  Mouth  "  39     28    50  79     04    01 

Note. — The  foregoing  report  gives  abundant  evidence  of  the  very  effective 
and  valuable  assistance  rendered  by  Surveyors  Beall  and  Brown.  I  desire  to 
express  here  my  warm  appreciation  of  the  zeal  and  enthusiasm  shown  by 
them  and  in  fact  by  all  assisting  in  the  work.  The  successful  issue  of  the 
survey  and  the  expedition  with  which  it  was  accomplished  under  most  adverse 
circumstances  are  in  a  very  large  degree  due  to  my  associates. 

L.  A.  Bauer, 
office  of 
Maryland  Geological  Survey, 
Baltimore,  April  4,  1903. 

'  This  point  being  on  the  Mason  and  Dixon  line,  we  have  a  check  upon  the 
latitude  above  given  from  the  astronomical  determinations  made  by  Mr.  G.  H. 
Sinclair,  assistant  in  the  Coast  and  Geodetic  Survey,  in  1883,  at  "  Maryland 
Corner  "  (Michler  Monument,  on  the  Mason  and  Dixon  line),  who  obtained  39° 
43'  18.0''.  The  difFerence  between  this  value  and  the  one  given  above  may  be 
I>artly  due  to  local  deflections  of  the  plumb  line  and  partly  due  to  deviations 
of  the  state  boundary  from  a  true  east  and  west  line. 
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INTRODUCTION. 

The  general  method  of  spending  the  money  raised  for  roadwork  in 
the  different  counties  of  the  State  has  not  undergone  any  radical 
change  during  the  time  the  State  Greological  Survey  has  been  making 
special  investigations  of  this  subject ;  yet  very  marked  and  gratifying 
progress  has  been  made  in  many  of  the  counties  of  the  State  towards 
securing  better  returns  for  the  money  annually  spent  upon  the  roads. 

In  all  cases  where  counties  have  set  aside  a  special  appropriation 
for  permanent  road  improvement  much  satisfaction  has  been  ex- 
pressed and  scarcely  any  one  can  be  found  who  would  care  to  have 
the  road  return  to  its  former  condition.  Enough  work  of  this 
character  has  come  directly  under  the  observ^ation,  and  in  many  cases 
under  the  control,  of  the  State  Geological  Survey  to  demonstrate  fully 
the  great  improvement  that  it  is  possible  to  make  in  every  county, 
no  matter  how  small  its  road-levy,  if  the  present  system  of  allot- 
ting the  money  raised  for  roads  be  radically  changed.  Everyone  who 
has  given  this  question  even  slight  consideration  recognizes  that  the 
subservience  of  road-mending  to  politics  is  the  chief  obstacle  at 
present  to  the  economic  expenditure  of  the  road-tax  in  all  the  coun- 
ties of  the  State.  This  fact  was  well  brought  out  by  the  statement 
of  a  farmer  that  in  his  county  ^  they  mixed  politics  and  large  rocks 
ond  had  no  good  roads.'  The  elimination  of  political  influence  from 
the  disbursement  of  the  road  money,  is,  perhaps,  too  much  of  a  re- 
"form  to  expect,  but  it  is  not  too  much  to  hope  that  at  no  distant  time 
it  will  be  found  to  be  good  politics  to  make  good  roads. 


146  THIRD   BEPOBT    ON    THE    HIGHWAYS    OF    MAKYI-AND 

The  growth  of  the  movement  in  the  State  towards  securing  better 
results  from  the  road-tax  is  shown  by  the  changes,  made  and  pro- 
posed, in  the  road-laws  of  different  counties  and  by  the  various  meet- 
ings where  this  question  has  been  discussed.  The  changes  in  the 
road-laws  of  Baltimore  and  Prince  George's  counties,  made  in 
1900,  have  already  been  noted  in  the  Second  Report  on  the  Highways 
of  Maryland. 

The  grand  jury  of  Allegany  coimty  in  January,  1902,  took  up  the 
question  of  road  improvement  and  at  its  request  the  Highway  En- 
gineer of  the  Geological  Survey  attended  one  of  its  sessions  to  sug- 
gest a  draft  for  a  new  road-law  for  Allegany  county.  The  essential 
feature  of  this  proposed  law  was  to  appoint  a  road  superintendent 
tie  year  roimd,  who  should  have  complete  charge  of  all  details  of  the 
county's  road-work.  In  February  the  same  question  was  taken  up 
by  a  number  of  citizens  of  Garrett  county,  who  consulted  with  the 
Highway  Engineer  concerning  a  new  road-law.  No  essential  change, 
however,  in  the  road-law  of  either  county  was  made. 

In  March,  1902,  a  meeting  was  held  by  citizens  of  Cecil  county 
at  Elkton  to  discuss  and  formulate  plans  for  road  improvement  in 
the  county,  and,  partly  as  an  outgrowth  of  the  interest  there  aroused, 
the  County  Commissioners  set  aside,  in  1903,  $11,000  for  per- 
manent road  improvement.  Other  meetings  attended  by  the  High- 
way Engineer  of  the  Survey  have  been  held  in  different  counties 
for  the  purpose  of  considering  either  general  or  special  improve- 
ments to  the  roads.  Such  meetings  were  held  by  the  Neighborhood 
Improvement  Club  at  Govanstown,  by  the  Vansville  Farmer's  Club 
of  Prince  George's  coimty,  by  the  Mayor  and  City  Council  of  Fred- 
erick at  Baltimore,  by  the  town  commissioners  of  Leonardtown,  St. 
Mary's  county,  by  the  residents  of  Kent  and  Queen  Anne's  county, 
by  the  Road  Convention  at  Cumberland,  by  the  Deer  Creek  Farmer's 
Club  at  Belair,  Harford  county,  by  the  Sixth  District  Road  League 
at  Rising  Sun,  Cecil  county  and  by  the  Third  District  Road  League 
at  Elkton,  Cecil  county.  In  every  instance  the  subject  under  discus- 
sion was  the  improvement  of  the  roads  in  some  particular  neighbor- 
hood; and  at  many  of  the  meetings,  plans  were  formulated  for  carry- 
ing on  the  improvement  of  some  special  piece  of  road,  towards  whidi, 
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in  many  cases,  private  subscriptions  had  been  made.  Besides  these 
more  or  less  formal  meetings  many  informal  gatherings  have  taken 
place  for  the  same  purpose.  A  study  of  the  reports  on  the  Highways 
of  Maryland  will  show  that  nearly  all  of  the  work  done  either  wholly 
or  in  part  under  the  guidance  of  the  Geological  Survey  has,  with 
one  or  two  exceptions,  been  paid  for  out  of  the  regular  road-tax  levy. 
This  has  necessarily  been  so  because,  with  the  exception  of  the  Wool- 
sey  bequest  in  Harford  county,  there  have  been  no  large  sums  from 
other  sources  available  for  road-work.  The  Greological  Survey  has 
accordingly  strongly  advocated  special  allotments  from  the  road 
money  for  comparatively  small  sections  of  road.  This  method  of 
working  with  the  county  road  money  has  been  carried  on  to  a  marked 
degree  in  Howard  county  for  the  past  three  or  four  years,  during 
which  time  about  $7600  has  been  spent  on  certain  bad  sections  of 
some  of  the  main  county  roads.  The  larger  part  of  this  money  has 
been  applied  to  securing  better  grades  and  proper  drainage  for  the 
roads ;  in  general  they  have  been  covered  with  such  broken  stone  as 
could  be  obtained  cheaply  in  the  neighborhood;  and  this  will  serve 
as  a  hard  foundation  for  a  smooth  top  course  to  be  provided  at  some 
future  time.  A  further  description  of  the  work  done  in  Howard 
and  other  counties  will  be  found  in  the  pages  following. 

The  County  Commissioners  in  many  instances  have  undertaken 
special  road-work  because  subscriptions  have  been  raised  by  persons 
living  in  the  neighborhood  of  the  improvement,  and  nothing  can 
show  more  forcibly  the  desire  that  exists  for  improved  roads  than 
these  voluntary  subscriptions.  There  are  still  in  many  communities 
a  great  many  persons  who  fight  against  any  expenditure  for  public 
improvements.  Too  often  it  happens  that  these  men  carry  consider- 
able influence  and  do  much  harm  both  to  themselves  and  their  neigh- 
bors by  their  aggressive,  short-sighted  policy.  Oftentimes,  however, 
the  most  persistent  obstructionist  to  a  proposed  improvement  be- 
comes, after  the  work  is  done,  its  firmest  supporter. 

There  is  no  more  forceful  argument  for  road  improvement  than  a 
sample  of  good  road,  and  it  has  been  the  experience^  not  only  in 
Maryland  but  elsewhere,  that  very  frequently  those  who  oppose  build- 
ing a  piece  of  road  do  so  through  ignorance  of  what  the  results  would 
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be.  and,  when  once  these  results  are  made  evident  by  a  practical  ex- 
ample, no  further  argument  is  needed.  There  is  no  doubt  of  tlie  great 
advantage  that  would  be  «:ained  from  a  svstem  of  model  roads  in 
every  county  in  the  State.  Such  roads  have  been  built  in  a  number 
of  other  states  where,  in  many  cases,  the  work  has  been  much  ex- 
tended beyond  that  of  merely  model  roads.  A  study  of  the  con- 
ditions of  Maryland  would  seem  to  indicate  that  the  best  results 
would  be  obtained  through  a  moderate  appropriation  by  the  Legis- 
lature towards  inaugurating  a  system  of  model  roads  throughout  the 
State.  The  proportion  of  the  cost  of  any  individual  road  to  be  borne 
by  the  State  should  be  from  one-fourth  to  one-half,  the  remainder  to 
be  provided  as  each  county  might  deem  best.  The  road  selected  for 
such  improvement  should  be  the  most  traveled  road  so  that  the  great- 
est number  may  enjoy  and  gain  a  practical  acquaintance  with  well- 
constructed  highways.  Results  accomplished  by  such  a  plan  would 
undoubtedly  be  far-reaching.  A  practical  and  more  effective  impe- 
tus would  in  this  way  be  given  towards  better  methods  of  road  con- 
struction than  could  ever  be  produced  by  all  the  road  literature  and 
conventions  combined. 

Before  such  work  can  be  undertaken  it  will  be  necessary  to  have 
a  considerable  addition  of  modern  road-building  machinery  to  that 
now  o\vned  within  the  State.  At  least  eight  more  steam-rollers  will  be 
needed  and  with  each  roller  there  should  also  be  a  good  sprinkling 
cart.  For  the  benefit  of  those  counties  that  cannot  at  present  afford 
to  purchase  a  steam-roller  the  State  should  own  a  number  of  such 
machines  which  could  be  loaned  to  them;  the  expense  of  ojTerating 
and  a  small  charge  for  rental  of  the  roller  being  defrayed  by  the 
counties. 

ROAD  ADMINISTRATION. 

In  order  to  secure  the  best  results  with  the  money  appropriated 
by  a  county  towards  road  maintenance  it  is  essential  that  a  proper 
system  of  administration  be  adopted,  as  would  be  done  with  any 
other  well  managed  business.  For  the  past  six  years  the  Geological 
Survey  has  made  a  constant  study  of  the  road-systems  in  the  dif- 
ferent counties  of  Maryland  and  has  also  kept  in  close  touch  witli 
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the  methods  followed  in  many  other  States.  Not  only  have  tie 
conntv  methods  been  a  subject  of  stndy,  but  the  results  have  likewise 
been  closely  observed ;  and  as  a  result  of  this  study  and  observation 
the  following  suggestions  are  given  as  the  basis  for  a  county  road 
law. 

The  form  of  road-law  here  suggcj^ted  is  substantially  the  same  as 
that  which  was  drawn  up  by  the  Geological  Survey  for  Allegany 
county  at  the  request  of  the  Grand  .lury,  Session  of  January,  1902. 
As  a  whole  it  differs  radically  from  the  present  road-law  of  any  of 
the  counties  of  the  State;  but  a  comparison  of  the  plan  with  the 
different  county  road-laws  will  bring  out  the  fact  that  its  main 
features  will  be  found  scattered  through  the  present  county  road- 
laws.  Thus  there  will  be  found  in  Prince  George's  county  a  Board 
of  Koad  Commissioners,  while  in  Baltimore  county  there  is  a  Roads 
Engineer,  and  many  other  counties  also  make  provisions  in  their 
road-laws  for  a  roads  engineer,  although  Baltimore  county  is  the 
only  county  actually  employing  one. 

The  general  outline  of  the  suggested  road-law  has  been  arranged 
imder  different  headings,  and  its  main  features  are  briefly  described 
and  explained.  Under  such  a  law  an  economical  and  business-like 
management  of  the  road  funds  would  he  possible,  a  result  which  has 
never  been  obtained  so  far  and  is,  indeed,  almost  impossible  under 
present  conditions. 

Outline  of  a  Suggested  County  Road  Law. 

a  department  of  roads  or  board  of  road  commissioners. 

It  is  suggested  that  there  be  established  a  Department  of  Roads 
or  Board  of  Road  Commissioners  to  consist  of  three  persons,  one 
elected  every  year  to  serve  three  years.  The  Road  Commissioners 
should  have  control  of  all  moneys  levied  for  roads  and  bridges,  em- 
powered to  make  contracts,  and  to  sue  and  be  sued  thereon. 

ROADS    ENGINEER. 

A  Roads  Engineer  should  be  appointed  who  should  hold  his  office 
during  good   behavior   and   be   discharged   only   for   incompetency 
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or  neglect  of  duty.  All  construction  and  repairs  to  the  county  roads 
should  come  directly  under  the  Roads  Engineer,  and  he  should  keep 
an  account  of  all  expenditures  connected  with  the  work,  and  should 
make  an  annual  report  of  the  same  to  the  Road  Commissioners.  The 
Roads  Engineer  should  audit  all  bills  and  accounts  for  road  work, 
and  no  bills  should  be  paid  imless  approved  by  him. 

ROAD    DISTEICTS. 

The  county  should  be  divided  into  road  districts;  and  the  roads 
in  each  district  should  be  named  and,  so  far  as  possible,  the  names 
by  which  they  are  ordinarily  known  in  the  neighborhood  should  be 
used.  The  road  districts  and  the  roads  should  be  indicated  on  a 
county  map  on  a  scale  large  enough  to  enable  each  road  and  its 
name  to  be  shown  clearlv.  The  roads  in  each  district  should  also 
be  classified  as  first  class,  second  class,  etc.,  according  to  the  amount 
of  travel  each  receives. 

SUPEKVISOBS   OR   SUPERINTENDENTS. 

The  road  district  should  have  a  Supervisor  or  Superintendent  to  be 
employed  throughout  the  year  and  he  should  give  all  his  time  to  the 
road-work  in  his  district.  Where  necessary  the  Supervisor  might 
be  allowed  one  or  two  assistants  who  should  also  devote  their  entire 
time  to  road- work.  The  Roads  Engineer  should  give  detailed  in- 
structions to  the  Supervisors  who  should  make  detailed  reports  to 
him  every  month.  In  each  district,  and  especially  in  those  where 
the  mileage  is  large,  and  where  there  is  a  large  road-fund  to  be 
expended,  a  number  of  men  should  be  regularly  employed  and  should 
be  retained  year  after  year;  they  would  thus  become  familiar  with 
their  work  and  would  constitute  a  trained  corps  of  road-menders. 

AFPBOPBIATIONS. 

The  Road  Commissioners  at  the  beginning  of  the  year  should 
allot  two-thirds  of  the  total  amount  of  the  road-levy  of  a  particular 
district  to  the  exclusive  use  on  road  and  bridge  repairs  in  that  dis- 
trict; and  the  remaining  one-third  of  the  road-levy  should  consti- 
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tute  a  general  fund  from  which  the  expense  of  all  large  bridges  and 
the  special  improvement  of  the  most  important  roads  should  be  met ; 
and  it  might  also  serve  as  an  emergency  fund. 

ACCOUNTS. 

The  accounts  to  be  kept  by  the  Roads  Engineer  should  be  item- 
ized in  every  particular  and  all  bills  should  show  the  amounts  si)ent 
on   each   road   for   labor   and   material   respectively.     These   bills 
should   be   made    out   by   the    Supervisor    in    whose    district   the 
work   has  been   done   and  certified   to  by  him,   and,   before   they 
are  paid  by  the  Road  Commissioners,  they  should  be  approved  by 
the  Roads  Engineer  after  he  has  satisfied  himself  that  they  are  cor- 
rect, and  that  the  work  has  been  properly  done.     Wherever  work  is 
done  by  contract  the  direction  of  the  work  should  be  under  the  Roads 
Engineer  and  no  money  should  be  paid  on  such  contracts  without  a 
certificate  from  the  Roads  Engineer  that  the  work  in  question  has 
been  done  according  to  the  specifications.     The  Road  Commission- 
ers should  make  yearly  reports,  giving  in  detail  all  road  expendi- 
tures, such  as  the  amounts  paid  for  labor  and  material  respectively, 
and  showing  the  nature  and  quantities  of  the  materials  used.     Sum- 
maries should  be  made  of  the  amounts  levied  in  each  district,  and  the 
amounts  spent  in  each  district,  showing,  under  proper  headings,  the 
amounts  spent  for  "  bridges,"  "  general  road  repairs,"  "  surfacing  " 
(such  as  macadam,  gravel  or  shell),  "  grading,"  and  "  opening  new 
roads."     Under  each  of  these  headings  should  be  shown  the  amounts 
paid  for  labor  and  material  respectively.     The  totals  for  the  entire 
county  should  also  be  stated. 

It  is  possible  that  the  system  of  administration  here  outlined 
would  be  too  expensive  for  those  counties  whose  road-fund  amounts 
to  only  a  few  thousand  dollars  annually.  But  this  difficulty  could 
be  overcome  if  two  or  three  neighboring  counties  should  be  formed 
into  one  large  road  district  and  the  total  road-taxes  be  administered 
under  a  system  similar  to  that  here  outlined  for  a  single  county. 
For  instance  it  would  be  entirely  feasible  for  two  or  three  counties 
together  to  have  one  Roads  Engineer,  and  in  this  way  each  one  gain 
the  benefits  which  it  would  be  impossible  for  these  counties  to  have 
singly. 
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STATISTICS. 

Mileage. 

The  niilca<rc  «»f  the  vari<»us  types  of  roails  in  the  State  is  sliowii 
in  the  table  on  page  191  of  the  First  Report  on  the  Highways  of 
Haryland,  1801>.     This  table  gives  the  mileage  of  the  roa«ls  in  each 
r'ounty  classified  according  to  the  nature  of  the  road  as  dirt,  stone, 
shell,  etc.     The  miles  of  main  roads  and  of  toll  roads  are  also  given. 
In  the  following  table  the  total  mileage  in  each  comity  has  been 
revised  to  date.      The  changes  in  the  mileage  of  the  roads   in  the 
different  counties  from  that  shown  in  the  table  in  the  First  High- 
way Repjrt  is  largely  due  to  the  fact  that  better  majys  of  many  of 
the  cjunties  have  since  been  prepared  by  the  State  Geological  Survey 
so  that  more  reliable  data  can  be  obtained  at  present.     Some  <»f  the 
iiicn-ased  mileage  is  due  tu  new  ruads  that  have  l)een  o|)ened  since 
1S1M>;  the  total  change  on  this  account  for  the  wlude  State  is  esti- 
mated to  be  about  150  miles.     Where  more  reliable  data  cannot  be 
obtained  now  than  in  ISOO  no  change  in  the  former  results  is  given. 
The  changes  that  have  occurred  since  1899  in  the  mileage  of  the 
various  types  of  road  have  not  been  considered  of  sufficient  imiwrt- 
ancc  to  justify  the  work  nwessary  t(>  bring  this  data  up  to  date. 
There  has  of  course  been  an  increase  in  the  mileage  of  sti>ne,  shell 
and  gravel  roads  which  has  been  greater  in  some  counties  than  in 
others,  but  the  ratio  of  the  mileage  of  such  roads  to  the  total  would 
n<>t  Ixj  materially  changed. 

Kg  AD  Machinery. 

In  the  First  Highway  Keix>rt,  on  page  260,  is  found  a  table 
showing  tlui  road-machinery  owned  by  the  counties  in  1899.  This 
machinery  included  but  two  steam-rollers,  both  owned  by  Baltimore 
county.  Since  that  time  four  rollers  have  been  purchased,  making 
a  total  of  six,  which  arc  distributed  as  follows:  Allegany  county, 
1 ;  Baltimore  county,  3 ;  Cecil  county,  1 ;  and  Harford  county,  1. 
In  addition  to  the  rollers  owned  by  the  counties  the  following  cities 
hiwo  steam-rollers  which,  with  the  exception  of  those  in  Baltimort* 
might  be  available  for  coimty  work:  Cmnberland,  1;  Baltimore, 
*J ;  IIiig(?rstown,  1  ;  and  Westminster.  1. 
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A  complete  list  of  all  the  road-machinery  in  each  county  at  pres- 
ent has  not  been  obtained,  but  from  the  information  at  hand  an 
estimate  of  the  value  of  this  machinery  has  been  tabulated.     Be- 
sides  rollers  this  machinery  includes  stone-crushing  outfits,   road- 
machines,  scoops,  plows  and  smaller  implements. 


County. 


Allegany 

Anne  Arundel  . , 

Baltimore 

Calvert 

Caroline , 

Carroll 

Cecil 

Charles 

Dorchester  .    . . , 

Frederick , 

Garrett , 

Harford 

Howard 

Kent 

Montgomery. . . 
Prince  George's 
Qaeen  Anne's.  . 

St.  Mary's 

Somerset 

Talbot 

Washington  .  .  . 

Wicomico 

Worcester 


State 


R  OF  Makyi^and  Hoa 

loh. 

Road 

Machinkry. 

1 

Sit 

0  fi  3 

I^  ■'^  ** 

Miles  of  road 
|)er  sq.  mile 
of  area. 

Miles  of  main 
roads. 

Percentaire  of 
main  roads. 

• 

I 

Estimated 
value  of  road 
machinery. 

s 

693 

1.46 

107 

15 

•  •  • 

$  6,000 

2 

521 

1.30 

96 

18 

•  ■  • 

3,860    1 

•   • 

1,273 

2.05 

170 

13 

154 

16,000 

3 

385 

1.54 

58 

18 

•   •   • 

50 

■    • 

547 

1.74 

60 

11 

•   •   • 

840 

•    • 

SOO 

1.88 

68 

9 

30 

3,775 

1 

638 

1.70 

91 

14 

•    •    • 

6,750 

1 

465 

1.00 

100 

23 

•    •    • 

100 

(iOO 

0.99 

109 

18 

•    •    • 

600 

1,380 

2.02 

172 

13 

129 

2,050 

940 

1.38 

80 

9 

•    •    • 

1,170 

830 

1.97 

96 

11 

8 

5,000 

1 

448 

1.79 

60 

13 

35 

3,550 

427 

1.36 

63 

15 

•    •    • 

1,500 

835 

1.64 

120 

14 

37 

3,400    , 

892 

1.86 

73 

8 

•   •    • 

900 

56;? 

1.60 

70 

12 

•    •    • 

1,500 

602 

1.67 

85 

H 

•    •    • 

850 

464 

1.27 

50 

n 

•    •    • 

3.50 

397 

1.40 

44 

11 

•    •    • 

1,300 

799 

1.84 

137 

17 

104 

1,0.50 

1 

772 

2.09 

54 

~ 

•    •    • 

500 

832 

1.75 
1.62 

58 
2,021 

7 
13 

•    •    • 

497 

SIO 
161,005 

15,953 

9 

Summary  ok  County  Ro.vd  Expenditures. 

The  following  table  was  made  up  from  reports  received  from  the 
County  Commissioners'  offices  and  from  printed  lists  of  county  ex- 
penditures as  given  in  the  county  papers.  It  was  necessary  in  some 
instances  to  seek  information  from  other  sources  than  the  Countv 
Commissioners'  oflices,  as  some  of  them  made  no  reply  to  numerous 
requests  for  this  data.     The  expenditures  for  the  years  1899,  1900 
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and  1901  were  given  in  the  Second  Highway  Report  on  pages  160 
to  162,  and  are  repeated  here.  As  far  as  possible  figures  that 
were  lacking  then  have  been  supplied  and  errors,  where  discovered, 
have  been  corrected.  As  already  stated  in  the  Second  Highway 
Report  it  is  impossible  to  subdivide  the  road-expenditures  under 
different  headings  for  many  of  the  counties,  owing  to  the  incomplete 
systems  of  keeping  the  accounts  that  prevail  in  some  of  the  county 
offices. 
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OPERATIONS  DURING  1902  AND  1903. 

The  work  of  the  Geological  Survey  in  the  past  two  years  has  been 
along  the  general  lines  followed  in  1900  and  1901,  and  naturally 
divides  itself  under  two  heads,  field  work  and  laboratory  work.  The 
scope  of  both  has  been  much  extended  during  this  time  owing  to  the 
constantly  increasing  interest  in  the  highway  work  of  the  Geological 
Survey  as  it  has  become  more  widely  known  in  the  State.  In  the 
Second  Report  on  the  Highways  of  Maryland,  issued  in  February, 
1902,  is  an  account  of  the  operations  of  the  Geological  Survey  show- 
ing the  results  obtained  in  the  testing  laboratory  and  the  field  work 
done  in  connection  with  road  improvement  in  different  counties  and 
outlining  in  detail  the  methods  followed.  These  have  not  been 
changed  materially. 

When  the  Second  Report  was  published,  field  work  had  been  done 
in  eight  counties;  Anne  Arundel,  Baltimore,  Carroll,  Frederick, 
Harford,  Howard,  Prince  George's  and  Talbot.  Since  then  assist- 
ance in  road-work  has  been  requested  from  Allegany,  Baltimore, 
Cecil,  Garrett,  Harford,  Howard,  Montgomery,  Prince  George's, 
Queen  Anne's  and  St.  Mary's  counties.  A  personal  examination  of 
different  roads  in  these  counties-  has  been  made  by  the  Highway 
Engineer  of  the  Survey  either  at  the  request  of  County  Commission- 
ers or  other  organizations  interested  in  public  road  improvement,  and, 
where  necessary,  detailed  plans  and  estimates  of  the  cost  were  pre- 
pared so  that  it  was  possible  to  undertake  the  various  improvements 
in  a  business-like  way. 

Every  effort  has  been  made,  as  in  previous  years,  to  bring  to  the  no- 
tice of  the  different  Boards  of  County  Commissioners  and  the  people 
in  the  State  the  opportunities  for  aid  in  practical  road-making  which 
the  Geological  Survey  offers.  Through  the  interest  in  this  work 
taken  by  the  newspapers  throughout  the  State  the  people  generally 
have  become  acquainted  with  the  facilities  afforded  them  by  the  Geo- 
logical Survey.  In  addition,  a  number  of  public  meetings,  held  for 
the  purpose  of  advancing  the  good  roads  movement,  were  attended 
by  the  Highway  Engineer ;  and  many  of  the  Boards  of  County  Com- 
missioners were  visited  by  him. 
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Field  Work. 

A  request  for  either  an  exauiiiiation  or  survey  has  been  receive<l 
for  the  following  roads  during  1002  and  1003:     Bedford  road  and 
]^ational  road  in  Allegany  county;  Eastern  avenue,  Hamilton  avenue, 
Seminary  avenue.  Garrison  For€»st  road,  Green  Spring  avenue  and 
Stevenson  Station  road  in  Baltimore  countv;  Risin":  Sun-Farminir- 
ton  and  Elkton-Blue  i^all  roads  in  Cecil  county;  Churchville-Havre 
de  Grace  road,  Forest  Hill  road,  Fallston  road  and  Edgewood  road  in 
Harford  county;  Ilollofield  road.  Upper  Sykesville  road,  Washington- 
Baltimore  road,  Hood's  ^Mill  road,  Tobacco  House  Hill  road  and 
River  road  in  Howard  countv;  Oakland-^It.  Lake  Park  road  in  Gar- 
rett  coiuity;   Dickerson  road  in    Montgomery  county;   Chesapeake 
Junction  road,  T  B  road,  Riggs  road,  Washington-Baltimore  road 
and  Central  avenue  in  Prince  Geor«:e's  countv  and  Centerville-Ches- 
tertown  road  in  Queen  Anne's  county.     In  addition  estimates  of  the 
costs  were  made  for  the  improvement  of  streets  in  Hyattsville,  Prince 
George's  coimty,  Leonard  town,  St.  Clary's  county  and  Tuxedo  Park, 
Baltimore  county.      Under  the  head  of  *'  Special  Road   Improve- 
ment "  on  pages  1G2-18G  will  be  found  in  detail  a  description  of  the 
work  done  on  each  of  the  above-named  roads.     Wherever  the  work 
was  to  be  done  by  contract,  specifications  have  been  furnished  to  gov- 
ern the  construction. 

Work  on  the  roads  should  l)e  j)ushed  to  completion  as  early  in  the 
season  a-^  ])ossible.  In  some  cases  it  has  happened  that  work,  for 
which  tlie  Ge<:)logical  Survey  had  made  plans  and  specifications,  Avas 
1)eirun  so  late  in  the  season  that  it  was  necessary  to  leave  the  road 
in  a  half-finished  state  through  the  winter.  As  a  result  the  ^x^ople 
in  the  vicinity  of  the  road  were  obliged  to  put  u])  with  conditions  far 
worse  than  those  it  was  intended  to  improve.  All  road-work  requir- 
ing grading,  or  seriously  disturbing  the  existing  road-bed  should  be 
bc^gun  early  enough  in  the  season  to  be  finished  before  the  first  of 
November. 

In  order  to  have  all  such  work  begim  early  during  the  presen*^ 
year  the  following  letter  was  mailed  to  all  the  boards  of  County.' 
Commissioners  last  Febnmry: 
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February  13,   1903. 
Board  of  County  Commissioners, County,  Md. 

Gentlemen: — For  the  past  few  years  the  Highway  Division  of  the  Mary- 
land Geological  Survey  has  afforded  the  officials  of  the  counties  of  the 
State  material  assistance  in  the  improvement  of  the  public  roads.  Es- 
timates of  cost,  plans  and  specifications  for  improvements  have  been 
drawn  up  for  more  than  half  of  the  counties. 

This  work  has  steadily  increased  so  that  during  the  past  season  it  was 
necessary  to  delay  some  of  the  road  construction  until  late  in  the  season. 
This  would  not  have  occurred  if  the  various  Boards  of  Commissioners 
had  sent  their  requests  for  examinations,  surveys,  estimates,  etc.,  early 
in  the  season,  so  that  everything  could  be  ready  for  construction  in  time 
to  finish  the  work  before  winter. 

The  spring  is  the  best  time  to  begin  road-work  and  in  order  for  every- 
thing to  be  ready  it  is  necessary  that  the  surveys  be  made  just  as  soon 
as  the  weather  permits.  Your  board,  therefore,  is  urged  to  communicate 
at  as  early  a  date  as  possible  any  proposed  improvements  about  which 
you  desire  the  aid  of  this  office.  If  this  is  not  done  it  may  be  found  that, 
owing  to  previous  requests  received  from  other  counties,  it  will  be  neces- 
sary to  delay  your  work  so  as  to  seriously  interfere  with  its  completion 
before  the  beginning  of  another  winter. 

All  assistance  furnished  by  the  Highway  Division  of  the  Maryland  Geo- 
logical Survey  is  free  of  any  charge  to  the  counties  save  actual  field 
expenses  while  making  a  survey.  Usually  this  cost  does  not  exceed  $10 
[)er  mile  of  road. 

Respectfully  yours, 

(Signed)  A.  N.  Johnson,  Highway  Engineer, 

Specifications. 

In  order  to  give  a  better  idea  of  the  methods  to  be  followed  in  roail 
improvement  the  Geological  Survey  has  had  printed  a  complete  form 
of  contract  and  specifications  for  building  macadam  roads.  Copies 
of  these  specifications  were  sent  to  the  offices  of  all  the  County  Com- 
missioners and  have  been  given  to  a  number  of  other  persons  inter- 
ested in  road  construction.  It  is  hoped  that  they  will  serve  as  a 
guide  for  carrying  on  work  whether  done  by  contract  or  otherwise. 
These  specifications  are  reprinted  on  pages  203-218.  It  is  believed 
that  they  are  well  adapted  to  the  requirements  in  Maryland  under 
present  conditions. 

One  basis  of  payment  is  the  number  of  square  yards  of  finished 
road-surface ;  provision  is  made  at  the  same  time  for  roads  of  various 
thicknesses  so  that  a  contractor  can  make  his  bid  accordingly.  Another 
basis  for  payment  is  the  number  of  tons  or  cubic  yards  of  material 
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which  are  used  tx)  make  the  road-surface.  Both  of  these  methods 
for  payment  are  widely  used  and  in  both  cases  difficulties  arise. 
Work  done  under  either  system  requires  the  almost  constant  atten- 
tion of  a  skilled  and  trustworthy  inspector  who  will  see  that  the 
proper  thickness  is  made  in  the  one  instance  or  that  the  number  of 
loads  of  stone  going  on  the  road  is  properly  distributed  and  correctly 
recorded  in  the  other.  Work  has  been  done  in  the  State  under  each 
method,  and  more  satisfactory  results  have  been  secured  by  payment 
by  the  square  yard. 

A  number  of  roads  in  the  State  have  been  built  under  these  speci- 
fications and  they  seem  to  meet  satisfactorily  the  conditions  that  arc 
ordinarily  encountered.  It  is  usually  more  satisfactory  and  econ- 
omical for  a  county  to  do  work  by  contract  with  responsible  con- 
tractors, at  prices  in  which  there  is  a  fair  profit,  than  for  the  county 
officials  to  undertake  it  Some  work  has  been  done  by  the  counties 
at  reasonable  figures,  but  this  is  the  exception  rather  than  the  rule. 

Speclax  Boad  Impbovement. 

Allegany  County. 

At  the  request  of  the  Grand  Jury  of  Allegany  coimty,  at  the  Janu- 
ary Session,  1902,  the  Highway  Engineer  of  the  Survey  attended 
one  of  its  meetings  to  suggest  an  outline  of  a  county  road-law.  The 
suggested  plan,  which  is  found  in  full  on  page  149,  had  for  its 
main  feature  the  establishment  of  a  county  highway  department  to 
be  under  the  immediate  charge  of  an  engineer  upon  whom  would  rest 
the  responsibility  for  the  proper  care  of  the  roads  throughout  the 
county.  Recommendations  were  made  by  the  Grand  Jury  for  a 
change  in  the  county's  road-law,  and  a  bill  for  this  purpose  was  in- 
troduced in  the  Legislature,  but  was  not  passed.  Public  interest, 
however,  was  aroused  at  this  time  which  has  been  productive  of  very 
substantial  results. 

NATIONAL  BOAD. 

Early  in  the  spring  of  1902  the  Coimty  Commissioners  appro- 
priated $5000  to  be  expended^  for  a  model  road  and  requested  the 
Highway  Division  to  prepare  plans  and  estimates  for  the  work. 
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Two  roads  were  selected,  a  portion  of  the  National  Turnpike  about 
midway  between  Cumberland  and  Frostburg,  and  the  Bedford  road 
which  runs  north  from  Ciunberland.  This  office  co-operated  with 
the  Bureau  of  Road  Inquiries,  Washington,  D.  C,  under  whose 
charge  the  construction  was  carried  on. 

The  portion  of  the  National  road  selected  had  in  some  places 
grades  as  high  as  10  per  cent  and  for  a  distance  of  three-quarters  of 
a  mile  averaged  between  seven  and  eight  per  cent.  Owing  to  the 
location  of  the  car  tracks  at  one  side  of  the  road  the  Commissioners 
decided  not  to  make  any  change  in  the  grade  of  the  road.  The  old 
road-bed  was  firm  but  had  become  very  rough.  It  was  loosened  and 
rolled  and  low  places  were  filled  up  with  shale,  which  could  be 
obtained  near  at  hand.  The  shale  was  also  used  to  form  the  should- 
ers. Limestone,  obtained  from  the  Coimty^s  quarry  on  the  road  to 
Barrelville,  was  shipped  by  rail  close  to  the  work  and  was  used  for 
the  new  surface  of  the  road.  A  ten-ton  steam-roller  which  was 
afterwards  purchased  by  the  county  was  employed  for  rolling. 
About  two-thirds  of  a  mile  of  road  was  resurfaced.  As  the  cost  of 
this  work,  together  with  the  amount  spent  on  the  crushing  plant, 
exhausted  the  funds  at  hand  nothing  was  done  on  the  Bedford  road 
at  that  time. 

The  work  on  the  National  road  was  done  by  day  labor  under  the 
direction  of  Charles  T.  Harrison,  Road  Expert  of  the  Office  of  Road 
Inquiries,  Washington,  D.  C. 

The  following  data  were  compiled  from  the  surveys  of  the  road, 
from  the  records  of  the  County  Commissioner's  Office,  and  from 
the  report  of  Mr.  Harrison.  The  cost  of  the  road  as  here  given 
does  not  include  the  amounts  expended  by  the  County  Commission- 
ers for  additions  and  permanent  repairs  to  the  crushing  plant,  but 
all  repairs  and  supplies  for  the  machinery  incidental  to  the  work 
are  included  as  is  also  the  siun  of  $75.00  which  was  paid  for  a 
railroad  siding. 

Length  of  road  resurfaced 3328  feet 

Width  of  macadam 13  feet 

Width  of  shoulder 5  feet 

Square  yards  of  macadam  laid 4807 
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Cost, 

Quarrying  and  crushing  stone  $  976.64 

Freight,  including  siding 752.27 

Shaping  road,  hauling,  spreading  stone  and  forming 

shoulders    1935.97 

Coal,  oil,  waste,  etc 84.14 

Total  Cost    $r.749.02 

Cost  per  mile  5948.80 

About  2300  cubic  vards  of  shale  were  used  to  make  shoulders  and 

a. 

to  fill  depressions.  Xo  account  was  kept  of  the  cost  of  this  part  of 
the  work,  but  estimating  the  cost  of  excavation  of  the  shale  at  30 
cents  per  cubic  yard,  it  would  be  about  $690.00.  If  this  amoimt  is 
subtracted  from  the  total  it  makes  the  cost  for  the  macadam  con- 
struction proper  $3059.02,  or  about  63^  cents  per  square  yard. 
This  is  much  higher  than  this  class  of  work  would  ordinarily  be 
ex[)ected  to  cost  as  a  comparison  with  the  prices  obtained  in  Balti- 
more, Harford  and  Cecil  counties  will  show.  But  under  the  con- 
ditions imposed  by  the  County  Commissioners,  that  the  crushed 
stone  should  come  from  the  County's  quarry,  and  that  county  laW 
be  employed  by  the  day,  the  cost  is  as  low  as  is  consistent  with 
good  work. 

BEDFORD    ROAD. 

In  1903  the  County  Commissioners  took  up  the  improvement  of 
the  Bedford  road  and  at  their  request  the  Highway  Engineer  in- 
sj^ected  a  number  of  quarry  sites  and  made  tests  on  materials  from 
various  localities.  There  was  excellent  material  to  be  had  at  a 
number  of  places  near  the  road,  but  the  Commissioners  decided  to 
use  limestone  from  the  County  quarry  on  the  Barrelville  road.  The 
work  was  done  by  one  of  the  county  Supervisors  with  day  lalwr 
but  not  under  the  direction  of  the  Geological  Survey.  The  costs  of 
various  items  as  given  by  the  County  Commissioners  were  as  follows  = 

Length  of  road  2700  feet. 

Crushed  limestone,  f .  o.  b.  crusher..  $  0.433  per  ton. 

Freight  on  crushed  stone 0.296  per  ton. 

Hauling  crushed  stone  0.58     per  ton. 

Spreading,  rolling,  sprinkling  and  in- 
cidentals         0.23     per  ton. 

Total  cost  of  crushed  stone  in  road.     1.54    per  ton. 
Native  stone,  for  foundation 0.33    per  cubic  yard. 

Total  cost  of  2700  feet  of  road $2240.60 

Cost  per  mile  (about  12  feet  wide) .  4381.87 
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Baltimore  County. 

The  progress  of  good  roads  in  Baltimore  county  during  tlie  past 
two  years  has  been  esj^ecially  marked.  Under  the  skillful  direction 
of  its  Roads  Engineer,  Mr.  W.  W.  Crosby,  many  sections  of  roads 
have  been  constructed  according  to  modern  methods  and  greater 
attention  has  been  paid  to  proper  methods  of  road  maintenance  and, 
so  far  as  possible,  permanent  structures  are  replacing  the  old  wooden 
bridges.  The  assistance  of  the  Highway  Division  of  the  State  Geo- 
logical Survey  has  been  availed  of  by  the  County's  Roads  Engineer 
for  whom  plans  and  specifications  for  the  improvement  of  a  number 
of  the  roads  in  the  county  have  been  made. 

The  work  done  in  this  county  in  co-operation  with  the  Coimty 
Roads  Engineer  includes  the  making  of  surveys,  plans  and  estimates 
for  work  on  the  following  roads,  the  construction  of  which  was  done 
lander  the  direction  of  the  Coimty  Roads  Engineer,  in  whose  reix)rt 
will  l)e  found  a  much  fuller  description  than  is  here  given.  The 
actual  cost  of  the  work  is  taken  from  the  figures  furnished  by  ilr. 
Crosbv. 

In  nearly  every  instance  the  ])lans  of  the  Survey  were  carried  out 
vvitb  the  exception  of  the  Garrison  road,  where  a  change  in  the  pro- 
j:)osed  grade  was  made  lx?cause  there  was  not  enough  money  to  lower 
The  grade  as  at  first  laid  out.  The  construction  on  the  Joppa  road, 
Eastern  avenue  and  Hamilton  avenue  was  done  under  the  form  of 
contract  and  specifications  substantially  as  found  on  page  203. 

HARRISON    ROAD. 

The  Garrison  road  was  surveved  in  1901  from  C.  M.  Stewart's 
gate  for  a  distance  of  2.2  miles  past  Garrison  Church.  It  was  at 
first  projx)sed  to  reduce  the  grades  on  this  road  to  5.5  per  cent  at  a 
lX)int  near  the  church,  luit  as  the  money  available  was  not  sufficient 
to  do  tliis,  the  grades  were  only  lowered  to  10  \)Qr  cent.  This  road 
was  macadamized  in  11)02  from  the  railroad  to  the  church  for  a  dis- 
tance of  6500  feet  and  a  width  of  12  feet  with  limestone  which  was 
obtained  in  the  vicinity.  The  cost  of  this  work  for  macadam  8  inches 
fleep  was  $2070  or  about  30  cents  per  square  yard. 
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STEVENSON  STATION  BOAD. 

Surveys  and  plans  were  made  in  November,  1902,  of  the  road  lead- 
ing from  Stevenson  Station  and  extending  to  its  intersection  with 
the  Xorth  Valley  road,  a  distance  of  0.6  of  a  mile.  This  portion 
was  macadamized  for  a  width  of  18  feet  and  a  depth  of  9  inched. 
But  little  grading  was  necessary. 

HAMILTON  AVENUE. 

Surveys  and  estimates  for  improving  Hamilton  avenue  0.3  of  a 

mile  northerly  from  Belair  road  were  made  in  February,   1903. 

A  grade  of  14  per  cent  was  reduced  to  9  per  cent  by  a  total  amount 

of  excavation  of  1440  cubic  yards.     The  work  was  done  by  contract 

at  tlie  following  prices: 

Earth   excavation    $  0.35  per  cubic  yard. 

Ledge  excavation   0.75  per  cubic  yard. 

EASTERN  AVENUE. 

One  of  the  most  interesting  pieces  of  road-work  in  Uie  coimty  was 
the  improvement  on  Eastern  avenue  for  which  surveys,  plans  and 
estimates  were  made  in  March,  1903,  from  the  Northern  Central 
railroad  to  the  North  Point  road,  a  distance  of  2.35  miles.     In  the 
vicinity  of  this  road,  which  lies  east  of  Baltimore  City,  tliere  is  no 
hard  road-material,  so  that  whatever  was  used  must  be  shipped  by 
rail.     This  road  had  for  many  years  been  repaired  with  oyster  shells 
which  lasted  scarcely  one  season,  owing  to  the  great  amount  of  travel 
to  and  from  Baltimore  City.     After  carefully  considering  all  the 
available  material  it  was  decided  to  use  the  slag  from  Sparrows  Point 
as  a  foundation  course  and  trap  rock  for  the  upper  course.     The  alag' 
was  chosen  for  the  foundation  course  principally  on  account  of  its 
cheapness.     It  was  jmt  on  so  as  to  make  a  layer  5  inches  thick  after 
rolling  and  covered  with  a  3-inch  layer  of  trap  rock  broken  to  1-}- 
inches  in  size.     Owing  to  the  smoothness  and  firmness  with  which 
die  slag  cunld  be  rolled,  tlie  second  course  of  broken  stone  did  not 
settle  into  it  as  much  as  would  have  been  the  case  with  a  foundation 
course  of  ordinary  broken  stone ;  at  the  same  time  the  surface  of  the 
slag  foundation  was  not  too  hard  to  make  a  perfect  bond  with  the 
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upper  course  of  stone.  It  was  found  that  the  trap  rock  screenings 
would  cost  so  much,  owing  to  the  great  demand  for  them  for  other 
purposes,  that  other  material  would  have  to  be  obtained.  At  first 
granite  screenings  were  used,  and  then  the  finer  portions  of  the  slag 
were  tried  and  proved  an  entire  success,  and  at  the  same  time  were 
chea]>er.  It  was  also  noticed  that  the  slag  sci'eenings  bonded  much 
more  readily  than  the  stone  screenings  and  seemed  to  make  a  finn 
surface  to  the  road  much  more  easily  than  the  rock-dust  does. 


.*7: 
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Fio.  14. — Typical  cross-section  of  Eastern   avenne,  Baltimore  connty,  showing 
macadam  constrnction  with  slag  foundation  and  trap-rock  top  coarse. 

A  typical  cross-section  of  this  road  is  shown  in  Fig.  14;  and 
Plate  XI,  Fig.  1  shows  a  view  of  the  road  which  is  macadam- 
ized for  a  width  of  15  feet  and  a  length  of  1.84  miles,  and  is  flanked 
by  gravel  shoulders  6  feet  wide.  The  center  of  the  macadam  is  13.5 
feet  from  the  near  rail  of  the  electric  car-tracks  which  are  at  one 
side  of  the  road. 

The  work  was  done  by  contract  at  the  following  prices: 

Earth  excavation  $  0.47  per  cubic  yard. 

Gravel  (borrow)    1.40  per  cubic  yard. 

8-lnch  macadam   0.55  per  square  yard. 

SEMINARY   AVENUE. 

Residents  in  the  vicinitv  of  Seminarv  avenue  are  anxious  to  have 
this  road  improved  and  many  have  offered  to  contribute  a  consider- 
able proportion  of  the  expense.  At  the  request  of  the  County  Roads 
Engineer,  surveys,  plans,  and  estimates  for  improving  this  avenue 
between  the  Xorthern  Central  railroad  and  the  Falls  road,  a  dis- 
tance of  2.2  miles,  were  made  in  May,  1903.  The  condition  of  the 
first  mile  of  this  road  was  very  much  better  than  the  ordinary  stone 
road  to  be  found  in  the  county. 
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The  rcniaiiuler  of  the  road,  however,  had  become  rough  and  con- 
tained grades  of  8  and  9  per  cent  for  sliort  distances.  The  work 
(»n  this  road  has  not  vet  been  undertaken.  The  estimate  for  ffrad- 
ing  and  resurfacing  the  road  is  as  follows: 

Excavation    5972  cubic  vards. 

8-inch  macadam    1588  square  yards. 

6-inch  macadam   2296  square  yards. 

i^esurfacing    3333  square  yards. 

The  total  estimated  cost  of  this  work,  including  scune  large  cul- 
verts, is  $6000. 

PARK    HEIGHTS   AVENl'K. 

Surveys  and  ])lans  for  Park  Heights  avenue,  which  is  one  of  the 
most  frequented  driving  roads  out  of  Baltimore  City,  were  made  from 
Wylic  avenue  to  Old  Court  Lane,  a  distance  of  3.0  miles.  The  plans 
and  estimates  for  improving  this  road  are  at  present,  Deceml)er,  1903, 
in  preparation. 

The  cost  of  other  modern  road-work  which  has  been  under  the 
supervision  of  the  Comity  Koads  Engineer  is  here  given  as  a  guide 
for  future  estimates  for  this  character  of  work,  more  of  which  has 
been  done  in  Baltimore  countv  than  in  all  the  remainder  of  the  State. 

JOPPA  ROAD. 

There  were  5(J()U  s(|uare  yards  of  macadam  placed  on  this  road, 
which  leads  from  Towson.  Tlie  work  was  done  under  the  form  of 
contract  and  s])ecificatious  found  on  page  203  at  the  following  prices: 

Karl h  excavation   $  0.26  i>cr  cubic  yard. 

Cement   rubble  masonry 4.50  per  cubic  yard. 

Vitrified  clay  pipe,  10-ineh O.'u  per  foot. 

Vitrified  clay  I)ipe,   35-inch 0.73  per  foot. 

O-ineh  macadam  0.31  per  square  yard. 

(The  contractor  bought  broken  stone  from  the  County  deHvered  at  the 
road  for  93  cents  per  perch,  wag-on  measure.) 
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HILLEN  ROAD. 

Prices  paid  for  work  on  the  Hillen  road  were  as  follows : 

Kxcavating:,  including  some  ledge.. $  0.53  per  cubic  yard. 

Gravel  (borrow)    0.91  per  cubic  yard. 

6-inch  macadam   0.41  per  square  yard. 

12-inch  clay  pipe 0.73  per  foot. 

8-inch  macadam   0.53  per  square  yard. 

15-inch  clay  pipe 0.83  per  foot. 

(The  contractor  bought  broken  stone  from  the  County  delivered  at  the 
road  for  93  cents  per  perch,  wagon  measure.) 

SHERWOOD    BRIDGE. 

The  bridge  which  was  built  this  year,  1903,  near  Slierwood  Station 
shows  the  progressive  character  of  the  work  that  the  Countv  Roads 
Engineer  is  inaugurating.  What  is  known  as  the  steel  concrete  form 
of  construction  was  adopted,  which  uses  reinforced  concrete  beams 
instead  of  simple  steel  or  wooden  beams  as  in  other  forms  of  con- 
struction; this  is  the  first  example  of  its  kind  in  the  State. 
Steel  rods  are  imbedded  in  the  concrete  beams  to  enable  them  to  with- 
stand heavy  loads;  but  no  steel  surface  is  exposed  to  the  air,  so  that 
there  is  practically  no  cost  for  maintenance  of  a  bridge  of  this  char- 
acter. This  bridge  has  a  clear  span  of  25  feet,  and  has  a  21-foot 
road-way.  The  cost  of  the  bridge  projwr,  exclusive  of  abutment  and 
wing  walls,  was  $482. 

GREEN  SPRING  AVENUE. 

This  road  extends  from  the  northerlv  side  of  Druid  Hill  Park  to 
West  Branch  bridge  in  Baltimore  countv,  a  distance  of  about  3  miles 
and  is  maintained  by  the  Park  Commission  of  Baltimore  City,  at 
whose  request  estimates  and  s]iecifications  for  its  improvement  were 
made  by  the  Geological  Sur^^ey  in  Jime,  1002.  It  was  })roposed  at 
the  time  to  surface  the  road  with  crushed  stone  for  the  first  two  miles 
and  to  rebuild  entirely  the  last  mile,  using  a  telford  foundation. 
The  total  estimated  cost  of  this  work  was  $12,800,  exclusive  of  grad- 
ing. As  this  was  a  much  larger  amount  than  the  Park  Board  had 
available  for  the  work,  it  was  impossible  to  carry  out  the  improvement 
on  the  lines  proposed. 
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PABK  HEIGHTS  AVENUE  EXTENSION. 

This  road  has  been  built  from  the  Green  Spring  Valley  to  the  Gar- 
rison road  in  Worthington  Valley,  a  distance  of  about  5  miles,  under 
the  supenasion  of  the  County  Boads  Engineer.  It  is  a  well-made 
earth  road  which  has  been  properly  graded  and  drained.  The  result 
shows  the  advantage  of  engineering  skill,  which  is  of  as  much  im- 
portance on  this  class  of  roads  as  on  more  expensive  forms  of  con- 
struction. 

The  work  was  done  by  contract  at  the  following  prices : 

Karth  excavation  $  0.26  per  cubic  yard. 

Cement  rubble  masonry    5.25  per  cubic  yard. 

Dry  rubble  masonry 3.50  per  cubic  yard. 

Lumber  in  place  in  bridg^es 34.00  per  M. 

Vitrified  clay  pipe: 

12-inch  50  per  foot. 

15-inch  75  per  foot. 

18-inch  90  per  foot. 

24-inch  1.25  per  foot. 

Cecil  County. 

In  March,  1902,  a  meeting  of  prominent  citizens  from  all  parts  of 
the  coimty  was  held  at  Elkton,  to  discuss  road  matters.  It  was  de- 
cided  at  this  meeting  to  urge  upon  the  County  Commissioners  the 
appointment  of  a  road  engineer  for  the  county,  who  should  have 
general  superv^ision  over  all  the  roads  in  the  county,  while  in  each 
district  there  should  be  appointed  a  supervisor  who  should  have 
charge,  under  the  road  engineer,  of  road-work  in  his  particular  dis- 
trict. Although  these  recommendations  have  not  yet  been  acted 
upon,  the  meeting  was  not  without  practical  results,  for  as  a  more  or 
less  direct  outcome  of  it,  the  County  Commissioners  in  1903,  appro- 
priated $11,000  for  permanent  road-work  in  the  county. 

RISING    SUN-FABMINGTON    BOAD. 

About  $8000  of  this  money  is  to  be  spent  on  the  road  leading  from 
Rising  Sun  to  Farmington,  a  distance  of  little  over  2  miles;  this  is 
one  of  the  main  thoroughfares  in  the  county. 

The  work  is  in  charge  of  the  Sixth  District  Boad  League  whidi. 
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was  organized  for  this  purpose.  At  the  request  of  the  Road  League 
the  Highway  Division  of  the  Maryland  G^eological  Survey  made 
plans,  estimates  and  specifications  under  which  the  road  is  to  be 
built.  The  proposed  construction  provides  for  a  macadam  road  12 
feet  wide  with  a  depth  of  6  inches  except  in  some  few  places ;  where 
the  road  has  already  been  macadamized,  about  3  inches  of  1^  inch 
stone  will  be  used  for  a  top  course;  and  on  the  parts  of  the  road, 
where  the  sub-soil  is  not  so  firm,  8  inches  of  stone  will  be  used. 
Much  attention  has  been  paid  to  the  under  drainage,  which  will  re- 
quire about  1800  feet  of  tile-drain.  These  drains  extend  along  the 
road  on  each  side  of  the  macadam  and  are  placed  about  2^  feet  below 
the  level  of  the  center  of  the  road.  There  are  no  heavy  grades  along 
this  stretch  of  road,  so  that  but  little  grading  is  necessary;  in  fact 
the  road  is  so  nearly  level  at  some  points  that  the  draining  of  the 
water  from  the  road  becomes  a  difficult  matter. 

The  contract  for  the  work  was  made  on  September  18,  1903,  and 
awarded  to  E.  Ward  Brown  of  Port  Deposit,  Maryland.  Aa  much 
work  as  possible  will  be  done  this  fall,  but  owing  to  the  delayed  deliv- 
ery of  the  road-roller  no  crushed  stone  could  be  spread  upon  the  road 
until  October  21.  Plate  II,  Fig.  2,  shows  an  improved  section  of  the 
road  near  Eising  Sun. 

The  prices  for  which  the  work  was  let  are  as  follows : 

Earth  excavation  %  0.30  per  cubic  yard. 

Barrow  excavation 0.50  per  cubic  yard. 

Macadam  construction  (resurfacing) 

3  inches  thick 0.30  per  cubic  yard. 

Macadam  construction,  complete,  6 

Inches  thick 0.40  per  square  yard. 

Macadam  construction,  complete,  8 

inches  thick 0.45  per  square  yard. 

Dry  rubble  masonry 2.50  per  cubic  yard. 

Cement  rubble  masonry 3.00  per  cubic  yard. 

Laying    6-inch  pipe 0.15  per  foot. 

Laying  18-inch  pipe 0.20  per  foot. 

Laying  24-inch  pipe 0.20  per  foot. 

Laying  iron  pipe 0.25  per  foot. 

Extra  work cost,  plus  ten  per  cent. 
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EI.KTON-BLUE   BALI.    ROAD. 

The  Third  District  Road  League  of  Cecil  county  has  in  charge 
the  improvement  of  the  road  between  Elkton  and  Blue  Ball  for  which 
there  is  an  appropriation  of  about  $3000.  The  league  did  not  take 
up  this  work  imtil  early  in  October,  1903,  when  an  examination  of 
the  road  was  made  by  the  Hiffhwav  Engineer  of  the  Maryland  Geo- 
logical  Survey.  This  is  one  of  the  main  roads  in  the  county  and 
the  section  over  which  the  Third  District  Road  League  has  su})er- 
vision  extends  as  far  as  Pleasant  Hill,  a  distance  of  about  GJ  miles. 
The  first  three  miles  of  tlie  road  is  over  flat  country  where  no  grad- 
ing will  be  required.  But  further  on  the  road  presents  some  heavy 
grades  and  the  League  was  recommended  not  to  improve  the  surface 
of  this  ])art  of  the  road  before  the  grades  were  lowered. 

It  is  probable  that  this  work  will  not  be  undertaken  until  next 
spring. 

Garrett  County. 

oakiand-mt.  lake  park  road. 

At  the  request  of  the  Mt.  Lake  Park  Association  an  inspection  of 
the  roads  through  ^It.  Lake  Park  was  made  in  August,  1903,  and  sug- 
gestions were  offered  for  their  improvement.  The  Association  was  ad- 
vised to  macadamize  the  roads  and  to  make  the  lower  course  out  of  the 
nearest  available  local  material,  j)referably  the  harder  variety  of 
sandstone,  and  to  surface  this  first  course  of  native  rock,  which  it  was 
proposed  to  make  about  5  inches  thick,  with  a  3-inch  layer  of  lime- 
stone, which  it  would  be  necessary  to  transport  by  rail.  The  road  on 
which  improvement  should  be  first  undertaken  is  the  direct  road  be- 
tween Mt.  Lake  Park  and  Oakland.  It  was  decided  for  the  present 
that  there  would  not  be  enough  money  at  hand  to  undertake  the  work, 
but  it  was  hojx^d  that  later  on,  with  the  aid  of  a  county  appropria- 
tion and  the  co-operation  of  the  citizens  of  Oakland,  it  would  be 
possible  to  improve  all  of  this  road,  which  is  the  most  traveled  of  any 
in  Garrett  county.  Plate  X,  Fig.  1,  shows  a  steam-roller  at  work- 
finishing  a  portion  of  the  road. 
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completed  in  the  spring  of  1902.  The  total  distance  surveyed  is 
13.2  miles;  the  distance  by  each  route  is  8.6  miles.  It  was  expected 
that  this  work  would  be  undertaken  with  the  funds  available  from 
the  Woolsey  bequest  which  provided  $15,000  for  this  road.  It  vnm 
estimated  that  not  less  than  $20,000  would  be  required  to  put  the 
worst  portions  of  the  road  in  good  shape,  and  the  preliminary  OBtimr 
ate  of  the  cost  showed  that  the  route  by  the  way  of  Level  would.  0(M 
about  $2800  more  than  that  bv  the  wav  of  Aldino.  This  differanoft 
in  cost  is  due  chiefly  to  the  greater  amount  of  grading  which  woold 
be  necessary  on  the  Level  route.  The  Commissioners  have  lieard 
many  petitions  for  both  routes  but  have  not  yet  taken  any  action 
in  the  matter. 

FOREST  HILL  ROAD. 

It  was  proposed  to  improve  the  road  from  Bockspring  Church 
through  Fallston  to  Grafton  Shops,  a  distance  of  1.8  mile,  and,  at 
the  request  of  the  County  Commissioners,  surveys  and  plans  for  this 
work  were  made  in  November,  1902.  It  was  proposed  to  macadamize 
this  road,  for  which  about  $1500  were  to  be  provided  by  the  Woolsey 
estate.  It  was  found,  however,  that  this  would  be  insufficient  and 
the  County  Commissioners  decided  to  do  nothing  for  the  present 
The  residents  in  the  vicinity  of  the  road  were  very  anxious  for  the 
work  to  be  undertaken  and  pledged  a  considerable  simi  for  this 
purpose. 

FALLSTON    ROAD. 

Surveys  and  estimates  for  macadamizing  about  2^  miles  of  the 
road  from  Fallston  to  Scarff  P.  C,  were  made  in  April,  1903.  The 
total  estimated  cost  of  a  macadam  road  12  feet  wide  was  $7832.00.. 
Money  for  this  work  was  to  come  in  part  from  the  Woolsey  estate,. 
but  as  only  $1600  were  available  for  this  purpose,  the  County  Cknur 
missioners  have  deferred  taking  up  the  matter  for  the  present. 

Howard  County. 

The  policy  pursued  by  the  County  Commissioners  in  1900  and 
1901  of  making  special  appropriations  to  grade  steep  hills  has  been 
continued  with  much  success  without  any  increase  in  the  road-levy 
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Tlie  most  marked  improvement  has  been  made  on  the  Old  Freder- 
ick road  between  Hollofield  station  and  the  Marriottsville  road,  a 
distance  of  about  6  miles,  which  included  a  number  of  very  steep 
hills.  The  first  of  these  to  be  graded  was  near  the  Marriottsville 
road  and  was  described  in  the  Second  Highway  Report  on  page  146. 
All  of  this  work  in  Howard  county  has  been  sold  at  public  sale, 
tie  bidders  underbidding  one  another  as  at  an  auction.  At  first 
this  plan  seemed  satisfactory,  but  it  was  soon  found  that  men  who 
understood  nothing  at  all  about  the  cost  of  doing  a  piece  of  work 
would  attend  the  sales  and,  hearing  the  bid  of  some  reputable  con- 
tractor, would  underbid  him  a  few  dollars  at  a  time,  probably  think- 
ing that  if  this  contractor  was  able  to  do  the  work  for  a  certain  sum 
that  it  surely  could  be  done  for  a  few  dollars  less.  As  a  result  a 
number  of  pieces  of  work  were  undertaken  at  too  low  a  figure  so  that, 
when  the  Commissioners  asked  for  bids  for  subsequent  work,  the 
best  men  were  not  on  hand  to  make  the  bids,  and  the  work  was  given 
out,  in  a  number  of  instances,  to  men  who  were  unable  to  carry  on 
the  construction  expeditiously.  While  there  has  been  the  saving  of 
a  few  dollars  to  the  county  treasury,  the  public  has  been  oftentimes 
most  seriously  inconvenienced  by  unnecessary  delays,  and  it  would 
seem  that  much  more  satisfactory  conditions  would  be  secured  if 
sealed  bids  should  be  asked  for  as  is  usual,  even  if  the  work  should 
cost  ten  or  fifteen  per  cent  more  than  at  present. 

HOLLOFIELD    ROAD. 

The  plans  made  in  October,  1901,  for  the  relocation  of  the  Old 
Frederick  road  near  Hollofield,  were  adopted  by  the  County  Com- 
missioners, and  construction  was  begun  in  May,  1902.  The  old  loca- 
tion of  the  road  was  abandoned  in  two  places,  as  this  was  much  the 
cheaper  way  to  obtain  low  grades.  The  plans  of  the  new  road 
showed  grades  not  over  6  per  cent,  with  the  exception  of  500  feet 
where  7  per  cent  was  necessary.  The  estimated  amount  of  grading 
was  5126  cubic  yards.  The  work  was  divided  into  two  sections,  the 
first  section,  about  1700  feet  long,  was  awarded  to  Joseph  Mullen, 
of  Ellicott  City,  for  $680,  and  the  second  section  to  William  Davis, 
of  Ellicott  City,  for  $1185.     Owing  to  delays  from  various  causes 
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the  road  was  not  opened  to  travel  until  1903.  This  section  of  the 
road  near  Hollofield  has  not  yet  had  any  broken  stone  placed  upon  it, 
but  this  will  be  necessary  to  prevent  the  road-bed  from  washing  out 

OLD  FREDERICK  ROAD,  BROWN's  HILL. 

The  grading  of  the  hill  on  the  Old  Frederick  road  just  east  of 
Brown's  bridge  was  finished  in  1903,  which  removed  the  last  of  the 
steep  grades  on  this  road  between  Hollofield  station  on  the  Patapsco 
river  and  the  Marriottsville  road.  The  two  sections  of  this  work 
near  the  Marriottsville  road  have  been  covered  with  broken  stone 
such  as  was  found  near  at  hand  and  a  reasonably  smooth,  hard  road 
has  been  made  which  will  answer  very  well  as  a  foundation  for  a 
well-constructed  macadam  surface,  which  should  be  laid  at  some 
future  time. 

RIVER   ROAD. 

The  section  of  the  River  road  between  Ilchester  and  Orange  Grove 
was  exceedingly  low  and  in  wet  weather  was  frequently  under  water. 
The  Patapsco  river,  along  which  the  road  runs,  has  been  forced 
towards  the  road  by  the  new  embankment  made  by  the  railroad  on 
the  opposite  side  of  the  river.  The  County  Conunissioners  were 
advised  to  relocate  the  road,  and  plans  and  estimates  were  accord- 
ingly made.  The  estimated  amount  of  grading  was  approximately 
3500  cubic  yards  and  two  4  feet  by  5  feet  stone  culverts  were  also 
necessary.  The  contract  for  the  whole  work  was  awarded  to  William 
Davis,  of  Ellicott  City  for  $900,  who  began  operations  late  in  1902, 
but  owing  to  bad  weather  had  to  leave  the  road  in  a  half -finished 
state.  Neither  the  old  road  nor  the  new  road  could  be  used  in  the 
spring  and  for  a  considerable  time  no  vehicles  whatever  could  go 
over  the  road.  The  work  on  tliis  road  was  finally  completed  in  the 
fall  of  1903. 

WASHINGTON  AND  BALTIMORE  ROAD. 

Plans  and  estimates  were  made  at  the  request  of  the  County  Com- 
missioners for  grading  the  hill  on  the  road  between  Washington  and 
Baltimore  at  a  point  near  Elkridge  in  Howard  county.  The  grades 
were  reduced  from  8  per  cent  to  6  per  cent  and  the  excavation 
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amounted  approximately  to  1610  cubic  yards.  The  contract  was 
awarded  in  September,  1902,  to  W.  H.  Harding,  of  Ellicott  City, 
for  $238.  This  work  was  not  finished  before  winter  set  in  and  it 
was  necessary  to  leave  the  road  for  some  months  in  an  unfinished 
condition,  during  which  time  it  was  nearly  impassable.  The  work 
^as  finished  in  the  spring  of  1903. 

UPPEB  SYBIESVILLE  BOAD. 

This  road  runs  through  Howard  county  to  Sykesville  and  is  a 
portion  of  the  road  between  Washington  and  Westminster.  Near 
Sykesville  the  descent  from  the  higher  ground  to  the  bridge  across 
the  Patapsco  river  was  made  over  three  long  steep  hills  on  which 
tjie  grades  in  many  places  were  more  than  12  per  cent.  Plans  were 
made  for  the  County  Commissioners  by  which  the  grades  were  to  be 
reduced  to  6  and  7  per  cent,  and  this  was  accomplished  by  relocating 
over  a  mile  of  the  road  near  Sykesville,  thus  avoiding  the  first  two 
hills.  At  no  point  of  the  relocation  was  it  necessary  to  have  grades 
over  6  per  cent,  while  the  third  hill,  it  was  found,  could  he  reduced 
to  7  per  cent  without  changing  the  present  location  of  the  road.  The 
total  estimated  cost  for  doing  the  work  as  outlined  in  the  plans  was 
considerably  more  than  the  money  available  and  the  Commissioners 
were  advised  to  grade  only  the  third  hill,  leaving  the  question  of  re- 
locating the  road,  so  as  to  avoid  the  first  two  hills,  to  the  future.  But 
the  residents  in  the  neighborhood  who  had  contributed  $500  towards 
the  expense  insisted  that  this  money  together  with  $1000  which  was 
appropriated  by  the  County  Commissioners  should  be  expended  in 
grading  the  first  hill  as  well  as  the  third.  This  plan  was  strongly 
opposed  by  the  Highway  Engineer  who  considered  that  money  spent 
in  grading  the  first  and  second  hills  would  be  thrown  away,  as  it  is 
practically  impossible  to  reduce  these  grades  to  less  than  10  per  cent 
ty  any  reasonable  amount  of  excavation.  It  seemed,  therefore,  a 
most  unwise  thing  to  attempt  when  it  was  possible  to  secure  easy 
grades  by  the  relocation  of  the  road  and  at  a  cost  which  would  be 
about  one-third  that  required  to  obtain  grades  of  10  per  cent  on  the 
present  road. 
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The  advice  of  the  Highway  Engineer,  however,  was  overruled 
and  it  was  decided  to  do  a  small  amount  of  grading  on  the  first  hill 
as  well  as  to  grade  the  third.  The  estimated  total  amount  of  exca- 
vation on  the  two  hills  was  5835  cubic  yards  and  the  contract  was 
awarded  to  Joseph  Mullen,  of  EUicott  City,  for  $1500.  The  work 
was  begim  in  July,  1903,  and  at  present  writing  December,  1903,  is 

nearly  finished. 

hood's  mill  road. 

The  road  between  Cooksville  on  the  Frederick  Turnpike  and 
Hood's  Mill  on  the  Baltimore  and  Ohio  railroad,  over  which  thero 
is  much  hauling  to  the  railroad,  includes  a  number  of  short  hills  with 
grades  between  8  and  10  per  cent,  but  on  the  greater  portion  of  the 
road  there  are  no  excessive  grades.  The  surface,  however,  was  in 
extremely  bad  condition ;  in  those  parts  of  the  road  where  stone  had 
been  placed,  or  where  the  road  was  over  bed-rock,  it  was  very  rough : 
in  other  parts  the  mud  was  at  times  so  deep  that  for  weeks  togetlier 
hesLVj  loads  could  not  be  hauled  over  the  road.  The  County  Com- 
missioners appropriated  $2000  towards  improving  the  road  and  the 
farmers  in  the  vicinity  contributed  $1000.  At  the  request  of  the 
County  Commissioners,  plans  and  estimates  for  the  proper  grading 
and  draining  were  made  and,  it  was  advised  that  this  should  be  done 
first  and  that  whatever  monev  remained  over  should  be  used  for 
broken  stone.  There  was  great  objection  from  many  of  the  farmers 
to  spending  any  money  in  reducing  the  grades  and,  strange  as  it  may 
seem,  some  went  so  far  as  to  threaten  to  withdraw  their  contributions 
if  this  were  done.  The  Commissioners  insisted,  however,  that  the 
road  must  be  graded  as  shown  on  the  plans  or  that  no  money  whatever 
would  be  appropriated  by  them  towards  improving  it,  and  the  con- 
ditions imposed  by  the  County  Commissioners  were  finally  accepted. 

The  estimated  amount  of  excavation  was  3959  cubic  yards  and  the 
contract  for  doing  this  part  of  the  work  was  awarded  to  Albert  Dor- 
sey,  of  Cooksville,  Howard  coimty,  for  $900.  The  Commissioners 
also  made  a  subsequent  agreement  with  Mr.  Dorsey  to  spread  broken 
stone  upon  the  road.  This  part  of  the  work,  however,  was  not  done 
under  plans  furnished  by  the  Engineer.  The  work  on  the  road  was 
begun  in  July,  1903,  and  is  at  present,  December,  1903,  under  way. 
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TOBACCO  HOUSE  HILL  BOAD. 

The  County  Commissioners  requested  plans  and  estimates  for 
grading  Tobacco  House  Hill  which  is  on  the  road  leading  easterly  in 
Howard  county  from  Sykesville.  The  grades  on  the  present  hill  are 
as  high  as  12  per  cent,  which  it  was  proposed  to  reduce  as  well  as  to 
straighten  the  road  somewhat.  The  estimate  showed  that  3000  cubic 
yards  of  excavation  would  be  required  to  secure  a  grade  of  6  per 
cent.  There  would  also  be  needed  a  stone-arch  culvert  which  it  was 
estimated  would  cost  between  $400  and  $500.  The  Commissioners 
found,  however,  that  there  would  be  no  money  available  for  the  work 
this  year  and  did  not,  therefore,  undertake  it. 

ROCKBURN  BBANCH   BOAD. 

This  is  a  private  road  which  was  built  by  the  residents  in  the  vicin- 
ity to  enable  them  to  avoid  the  steep  grades  on  Lawyer's  Hill  road. 
This  road  is  mentioned  here  as  being  a  particularly  good  example 
of  a  well-located  road  and  also  as  showing  the  substantial  interest  that 
tlie  more  progressive  citizens  of  the  county  take  in  the  matter  of 
securing  better  roads.  The  following  data  connected  with  the  work 
was  furnished  by  ITewhall  and  Company  of  Baltimore,  who  were 
tlie  engineers  and  contractors  for  the  work.  The  length  of  the  road 
constructed  is  1.52  miles  at  an  average  grade  of  3.17  per  cent.  The 
width  of  road-bed  is  20  feet.  The  total  amount  of  earth  excavation 
was  5629  cubic  yards,  and  of  ledge  excavation  3500  cubic  yards. 
In  addition,  two  wooden  bridges  of  about  20  feet  span  were  erected ; 
a  number  of  tile  drains  were  laid,  150  feet  of  retaining  wall  was 
built  and  1750  feet  of  guard  fence  was  placed.  The  total  cost  was 
JJ61 86.55.  During  the  construction  much  disintegrated  rock  was 
encountered  which,  as  far  as  possible,  was  used  to  surface  the  road 
and,  as  it  is  designed  only  for  light  travel,  principally  during  the 
dry  portions  of  the  year,  this  answers  very  well. 

MONTGOMEBY^   CoUNTY. 
DICKEBSON  BOAD. 

The  County  Commissioners  proposed  grading  what  is  known  as 
Biff  Hill  on  the  road  between  Dickerson  and  White's  Ferrv  and  re- 
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quested  that  the  Greological  Survey  make  the  plans  and  estimates; 
this  was  done  in  April,  1903.  The  hill  extends  from  the  bridge 
at  its  foot  for  about  800  feet,  the  grades  averaging  nearly  14  per 
cent,  the  steepest  portion  being  23  per  cent.  To  reduce  these  grades 
to  9  and  10  per  cent  it  was  estimated  that  about  1300  cubic  yards  of 
excavation  would  be  necessary  and  that  it  would  cost  about  $800. 
If  the  bridge  was  raised  8  feet  and  a  grade  of  7  per  cent  established 
there  would  be  about  2000  cubic  yards  of  ledge  and  about  2300  cubic 
yards  additional  material  to  be  excavated,  which  would  cost,  includ- 
ing the  raising  of  the  bridge,  about  $2000.  The  Commissioners 
were  advised,  owing  to  the  steepness  of  other  hills  on  the  same  road 
not  to  spend  so  much  for  the  present  at  this  one  point;  and  the  9 
and  10  per  cent  grades  were  recommended.  The  plans  were  so 
drawn  that  the  work  done  to  reduce  the  grades  to  9  and  10  per  ceut 
would  not  be  wasted  if,  at  any  subsequent  time,  the  grades  were  fur- 
ther lowered.  Xo  work  has,  however,  been  done  under  the  plans 
furnished. 

Prince  George's  County. 

Under  the  new  road-law  for  Prince  George's  county,  which  was 
passed  in  1900,  there  has  been  a  greater  opportunity  for  efficient 
results  from  the  road  money  than  had  been  the  case  previously; 
but  the  hopes  of  those  interested  in  having  better  results  obtained 
for  the  money  expended  have  been  only  partially  realized.  The 
fault  has  been  due  partly  to  the  law;  and  in  large  measure  to 
its  execution,  which  has  left  much  to  be  desired.  By  this  law  the 
Highway  Division  of  the  Geological  Survey  is  required  to  give  direc- 
tions for  carrying  on  work  on  the  roads  leading  from  Washington,  the 
improvement  of  which,  it  is  provided,  shall  be  paid  for  out  of  the 
license  fund,  which  amounts  to  about  $6000  a  year.  This  part  of  the 
road-work,  therefore,  has  come  more  closely  under  the  observation  of 
the  Geological  Survey  than  any  other  in  the  county. 

The  first  two  years'  work  has  already  been  fully  outlined  in  the 
"  Second  Report  on  the  Highways  of  Maryland,"  on  pages  148-159. 
The  work  done  in  those  two  years  did  not  follow  the  plans  and  sug- 
gestions given  by  the  Geological  Survey,  particularly  in  the  case  of 
the  Washington  and  Baltimore  road,  on  which  there  was  apparently 
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expended  much  more  money  than  the  improvement  would  seem  to 
warrant  On  the  T  B  road  somewhat  better  results  were  obtained, 
although  some  construction  of  extremely  poor  character  was  made 
here  also.  The  Bead  Commissioners  decided  in  1901,  against  the 
advice  of  the  Highway  Engineer,  to  begin  the  improvement  of  a 
number  of  roads  leading  from  Washington,  thus  dividing  the  amount 
available  into  small  sums,  which  at  best  would  not  be  as  efficient  a 
method  of  expenditure  as  if  all  the  money  had  been  expended  upon 
one  or  two  roads. 

The  work  of  the  Road  Commissioners  with  the  license  fimd  in  the 
past  two  years  has  been  as  unsatisfactory  as  in  the  two  years  pre- 
vious. This  work  as  a  whole  has  not  been  pushed  with  vigor. 
In  order  to  avoid  the  trouble  experienced  on  the  Riggs  road  caused 
by  leaving  the  road  in  a  half-completed  state  through  the  winter, 
the  Road  Commissioners  were  especially  urged  to  begin  their  work 
early  in  the  season.  In  spite  of  this,  much  valuable  time  was  lost 
at  the  beginning  of  each  season,  especially  in  the  case  of  the 
improvements  on  Central  avenue,  which  were  not  begun  until 
October.  At  many  different  times  the  Road  Commissioners  have 
been  advised  to  purchase  a  suitable  road-roller  but  so  far  this  has 
not  been  done  and  none  of  the  roads  have  been  rolled. 

The  result  of  the  expenditure  of  the  license  fund  for  1902  and 
1903  is  a  continuation  of  the  improvement  to  the  T  B  road,  which 
is  the  best  of  the  work  so  far  done,  the  grading  and  graveling  of  the 
Iliggs  road  and  a  small  amount  of  work  on  Central  avenue.  No 
work  has  been  done  on  the  Washington  and  Baltimore  road  during 
these  years  under  the  plans  of  the  Geological  Survey.  With  the 
exception  of  the  work  on  the  Riggs  road,  which  was  done  by  contract, 
and  on  Central  avenue  no  definite  figures  of  the  cost  of  the  improve- 
ments of  any  of  these  roads  could  be  obtained. 

BIGGS   BOAD. 

In  the  spring  of  1902  the  work  on  the  Riggs  road,  which  had  been 
left  in  a  half  finished  condition  during  the  winter  and  which  had 
become  nearly  impassable,  was  resumed.  The  contract  for  com- 
pleting the  grading  was  given  to  E.  E.  McChesney,  of  Hyattsville, 
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Maryland,  and  the  contract  for  graveling  the  road  to  Samuel  Queen, 
of  Tacoma  Park,  Washington,  D.  C.     The  amount  of  grading 
approximately  1350  cubic  yards   and  cost   $325.     The  graveli: 
covered  2600  feet  of  road,  15  feet  wide  and  12  inches  deep,  and 

cost  $485. 

WASHINGTON  AND  BALTIMORE  BOAD. 

Surveys  of  this  road  had  been  completed  as  far  as  Faint  Branch 
in  1902,  and  it  was  then  proposed  to  grade  and  gravel  a  portion  of 
the  road,  beginning  at  a  point  near  the  Hyattsville  line  and  extend- 
ing to  Paint  Branch ;  also  to  reduce  the  grade  at  a  point  about  one- 
half  mile  from  Hyattsville  from  8  and  9  per  cent  to  5  per  cent; 
and  to  change  the  grade  on  what  is  known  as  Cat  Tail  EUU  from  7 
and  8  per  cent  to  5  per  cent ;  the  total  amount  of  excavation  would 
be  about  5000  cubic  yards.  The  Conmiissioners  were  advised  first 
to  grade  the  hills  and  surface  them  with  gravel  and  then  to  proceed 
to  gravel  the  remainder  of  the  road  as  far  as  their  funds  would 
l)erinit. 

T  B  ROAD. 

This  road  was  improved  for  a  distance  of  about  1^  miles  from  the 
District  line  to  a  point  near  Silver  Hill  in  1900-  and  1901,  as  de- 
scribed in  the  Second  Beport  on  the  Highways  of  Maryland,  on  page 
154.  In  1902  the  plans  for  reducing  the  grades  on  the  north  side 
of  Henson's  branch  were  carried  out.  On  this  slope  it  was  impos- 
sible, even  with  cuts  as  deep  as  9  and  10  feet,  to  get  a  better  grade 
than  8  per  cent,  and  it  was  necessary  to  extend  this  grade  for  a  dist- 
ance of  1300  feet.  The  former  grades  were  as  high  as  13  per  oent 
On  the  south  slope  but  little  change  in  the  grade  was  considered 
necessary.     The  road  was  graveled  for  about  1^  miles. 

The  following  year,  1903,  the  Boad  Commissioners  desired  to 
extend  tlie  improvement  and  to  reduce  the  grades  where  the  road 
crosses  Wilson's  brands  Plans  and  estimates  were  accordingly 
made  showing  the  grades  on  the  north  slope,  or  Wilson's  hill,  reduced 
from  12  per  cent  to  G  ])er  cent  which  was  extended  for  a  distance 
of  1200  feet.  It  was  necessary  to  make  somewhat  steeper  grades 
for  a  short  distance  on  the  south  sIojkj,  known  as  Middleton's  hill; 
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where  an  8  per  cent  grade  was  used  for  about  400  feet  and  one  of 
6  per  cent  for  700  feet  which  brought  the  road  to  the  top  of  the  hill. 
AH  of  the  grading  has  not  yet  been  completed.  Very  little  work 
has  been  done  on  Middleton's  hill,  and  Wilson's  hill  at  some  points 
has  not  been  cut  to  within  2  or  3  feet  of  the  grade  as  shown  on  the 
plans.  The  deep  cut  made  on  this  hill  is  shown  on  Plate  XI,  Fig.  1. 
Plans  were  also  prepared  for  a  concrete  culvert  with  a  water-way  4 
feet  wide  and  5  feet  high.  This  culvert  was  built  in  a  very  satis- 
factory maimer.  The  end  walls  rise  12  feet  above  stream-level 
and  wing-walls  protect  both  ends  of  the  culvert;  a  view  of  the 
culvert  is  shown  on  Plate  XI,  Fig.  2.  The  concrete  was  made 
from  the  gravel  and  sand  found  in  the  immediate  vicinity. 
During  this  year,  1903,  the  whole  of  the  T  B  road  has  been  regrav- 
eled  from  the  District  of  Columbia  line  as  far  as  Wilson's  branch, 
a  distance  of  about  6  miles.  The  regraveling  of  the  sections  of  the 
road,  on  which  work  was  done  in  other  years,  was  made  necessary 
by  the  severe  weather  of  the  past  winter,  which  caused  the  clayey 
gravel,  which  had  previously  been  put  upon  the  road,  to  cut  through 
in  many  places,  so  that  it  was  deemed  advisable  to  resurface  all  of 
the  road  with  a  sandy  gravel.  The  work  done  upon  the  road  in  1902 
and  1903  has  been  under  the  supervision  of  Mr.  Hardy,  one  of  the 
Board  of  Koad  Commissioners,  who  carried  on  the  work  by  day 
labor. 

CENTRAL    AVENUE. 

Surveys  and  plans  for  the  improvement  of  this  road,  beginning 
at  the  District  of  Columbia,  were  made  in  1901.  Nothing,  how- 
ever, was  done  until  the  present  year,  when  the  Koad  Commissioners 
decided  to  expend  a  portion  of  the  license  fund  in  grading  and  grav- 
eling this  road.  Although  everything  was  in  readiness  to  take  up 
the  work  early  in  the  season  it  was  not  begun  until  October.  In 
order  to  grade  properly  the  hill  near  the  District  of  Columbia  it 
was  necessary  to  extend  the  embankment  over  the  line  into  the  Dis- 
trict, for  which  the  consent  of  the  District  Commissioners  was  ob- 
tained. The  grading  and  graveling  of  this  hill  was  the  only  work 
done  on  Central  avenue.     The  grades  here  have  been  reduced  from 
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7  and  8  per  cent  to  4  per  cent.  The  cost,  reported  by  the  Road 
Commissioners^  was  $588.10  which  includes  graveling  about  1000 
feet  of  road  which  amounted  to  about  1214  cubic  yards. 

The  work  on  this  hill  led  the  Commissioners  of  the  District  of 
Columbia  to  improve  the  continuation  of  the  road  within  the  Dis- 
trict, so  that  now  there  is  a  continuous  stretch  of  good  road  from 
the  county  into  the  City  of  Washington. 

CHESAPEAKE  JUNCTION  ROAD. 

The  Road  Commissioners  requested  plans  and  estimates  for  a  new 
road,  which  it  was  proposed  to  open  near  Chesapeake  Junction, 
between  what  is  known  as  the  Chapel  road  and  the  Hill  road,  a 
distance  of  about  1.2  miles.  Although  some  work  has  been  done, 
the  plans  furnished  by  tlie  Geological  Survey  have  not  been  followed. 

Queen  Anne's  County, 
centerville-chestertown  road. 

The  Coimty  Commissioners  of  Queen  Anne's  county  decided  in 
the  spring  of  1902,  to  build  a  short  section  of  sample  road,  for  which 
purpose  they  set  aside  $500  to  pay  for  the  material.  The  road 
selected  is  that  connecting  Centerville  and  Chestertown  and  the 
section  of  the  road  improved  is  about  one  mile  from  Chester  River 
bridge.  The  people  in  the  vicinity,  both  in  Kent  county  and  in 
Queen  Anne's  county,  took  a  very  active  interest  in  the  work  and 
agreed  to  furnish  all  the  labor  needed.  A  committee  with  Mr.  W. 
Irving  Walker  of  Queen  Aime's  county  as  chairman  was  organized 
and  took  complete  charge  of  the  work.  At  the  request  of  this  com- 
mittee, forw'arded  through  the  County  Commissioners,  plans  and 
estimates  for  the  work  were  drawn  up  by  the  Geological  Survey. 

The  section  of  the  road  which  was  selected  for  improvement  is 
over  a  heavy  clay  soil  and  is  nearly  level  so  that  water  stood  in  the 
ditches  at  the  sides  of  the  road.  This  part  of  the  road  was  notorious 
for  its  bad  condition,  the  mud  being  often  so  deep  in  the  winter  and 
spring  that  it  was  impassable.     Immediately  adjoining  this  section 
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►f  the  road  is  a  stretch  of  very  sandy  soil  which  becomes  very  soft 
n  dry  weather,  making  it  practically  impossible  to  drive  faster  than 
I  walk.  In  wet  weather  this  part  of  the  road  was  much  better  than 
n  the  dry  season,  but  at  every  season  some  portion  of  it  was  bad. 

No  other  material  had  been  used  on  this  road  except  oyster  shells 
vhich  wore  out  rapidly  and  made  a  very  dusty  road  in  dry  weather. 
The  committee  was  advised  to  surface  the  road  with  slag  from  Spar- 
rows Point  which  it  was  believed  could  be  obtained  at  a  lower  cost 
han  any  other  material.  This  was  accordingly  done  and  about 
SOO  tons  were  loaded  oh  a  barge  at  Sparrows  Point  and  brought  to 
ZJhestertown.  It  was  then  hauled  from  the  wharf  to  the  road,  a  dis- 
:ance  of  about  a  mile  and  a  half.  It  was  decided  to  put  the  slag 
)ver  the  clay  portion  of  the  road. 

Actual  work  was  begun  on  the  29th  of  July,  1902,  and  was  fin- 
ished August  9.  The  work  was  done  under  the  immediate  direc- 
;ion  of  the  (Jeological  Survey  and  was  carried  on  as  follows :  First, 
he  road  was  shaped  with  a  road-machine  which  also  formed  the 
houlders  at  the  sides.  The  road-bed  was  then  rolled  and  slag  spread 
'or  a  depth  of  10  inches  at  the  center,  decreasing  to  7  inches  at  the 
ides,  measured  loose.  Eleven  hundred  feet  of  road  was  covered  with 
ilag  for  a  width  of  15  feet,  requiring  458  tons  of  slag,  and  about  45 
ons  of  finer  material  was  used  as  a  binder.  The  slag  was  well 
watered  and  rolled.  The  roller  used  for  the  work  was  a  3i-ton  horse- 
roller  which  was  loaned  by  the  Good  Roads  Machinery  Company  of 
Bennetts  Square,  Pennsylvania,  at  the  request  of  Mr.  Eldridge,  As- 
sistant Director  of  the  Office  of  Road  Inquiries,  Washington,  D.  C. 
A.  heavier  roller  would  have  been  much  better  for  the  work,  although 
2:ood  results  were  obtained  with  the  light  roller  owing  to  the  readi- 
ness with  which  slag  compacts.  Plate  X,  Fig.  2  shows  the  finished 
slag  road. 

After  more  than  a  year's  wear  the  road  is  proving  entirely  satis- 
factory and  is  much  less  worn  than  a  shell  road  would  have  beeu 
tinder  similar  circumstances.  As  is  the  case  with  most  country 
poads,  the  travel  here  follows  in  a  single  track,  which  must  inevitably 
produce  ruts,  no  matter  how  hard  the  road-surface  may  be.  Last 
winter,  which  was  unusually  severe  upon  the  roads,  did  not  develop 
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any  sign  of  weakness  in  the  slag  road  and  it  is  reported  that  this  is  the 
only  piece  of  road  between  Centerville  and  Chestertown  over  which  it 
was  possible  to  go  at  a  trot  during  the  winter.  Owing  to  the  extra- 
ordinary difficulty  encountered  in  getting  the  slag,  its  cost  was  more 
than  twice  what  it  ordinarily  would  be.  Estimating  the  cost  of  the 
slag  on  board  a  barge  at  Sparrows  Point  at  41  cents  a  ton,  which  is 
the  price  that  has  since  been  quoted  by  the  Steel  Company,  the 
cost  of  a  slag  road,  all  other  items  being  based  on  the  actual  cost 
of  this  sample  road,  is  as  follows : 

Estimated  Cost  of  a  Slao  Road. 

Based  on  actual  coat  of  sample  road  built  in  Queen  Anne*8  county  in 

August,  1902. 
Items.  Cost  per  ton. 

Slag,  on  board  barge  at  Sparrows  Point $0.41 

Freight,  100  miles  by  barge 0.54 

Unloading  barge 0.12 

Hauling,  average  distance  ly^  miles 0.27 

Spreading    0.07 

Boiling  and  watering 0.02 

Total  cost  of  slag  in  place  on  road $1.43 

cost  FEB  MILE  15  FEET  WIDE. 

Slag,  2400  tons  at  $1.43   $3432.00 

Shaping  road-bed,  8800  sq.  yds.,  at  ^c 44.00 

Total  cost  per  mile  15  feet  wide $3476.00 

Total  cost  per  mile  12  feet  wide $2800.00 

St.  Mary's  County. 

leonaedtown  squabe. 

The  Town  Commissioners  had  under  consideration  the  improve- 
ment of  the  square  at  T^onardtown  and  asked  the  assistance  of  the 
Geological  Survey  in  this  matter.  The  Highway  Engineer  in  July, 
1903,  met  the  Town  Commissioners  at  Leonardtown  and  made  recom- 
mendations for  draining  and  grading  the  square.  These  recommen- 
dations were  carried  out  by  the  commissioners  as  far  as  the  money 
at  their  disposal  would  permit.  About  $300  was  expended  in  the 
construction  of  gutters,  in  laying  one  hundred  feet  of  18-inch  drain- 
pipe and  in  grading  and  shaping  the  street. 
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LABORATORY  WORK. 

The  laboratory  work  during  the  past  two  years  has  been  confined 
to  the  study  of  the  classes  of  materials  mentioned  in  the  Second  Re- 
TpoTty  including  various  kinds  of  rocks,  cements,  bricks  and  other 
paving  materials.  Some  new  methods  have  been  developed  and  so 
far  as  the  limited  time  would  permit,  special  investigations,  which 
g^ve  promise  of  valuable  results,  have  been  made. 

The  work  already  done  in  the  State  Geological  Survey's  labor- 
atory would,  it  is  thought,  justify  the  extension  of  this  branch  of 
its  work  along  broader  lines  looking  to  the  establishment  of  a  State 

laboratorv  where  all  classes  of  materials  of  construction  could  be 

ft.' 

tested,  and  standards  established  and  compared.  A  laboratory  of 
this  character  would  be  of  great  practical  value  to  the  cities  and  towns 
in  all  parts  of  the  State.  Specifications  for  paving  and  building  ma- 
terials could  be  more  definitely  dra\vn,  as  the  means  would  be  at  hand 
for  making  the  tests  necessary  to  determine  if  any  particular  lot 
of  material  satisfied  the  conditions  imposed. 

Such  a  laboratory  should  be  available  to  all  public  officials  for 

public  work  without  charge,  whereas  tests  for  private  persons  should 

also  be  permitted  on  payment  of  a  nominal  fee,  which  would  prevent 

Tequests  from  the  merely  curious.     This  plan  has  been  followed  in 

the  work  so  far  done  in  the  State  Geological  Survey's  laboratory 

and  the  number  of  requests  for  tests  that  have  been  received  gives 

evidence  of  the  demand  that  exists  of  this  character  and  fullv  war- 

rants  its  continuance  and  expansion. 

Tests  of  Macadam  Materials. 

A  number  of  tests  of  the  materials  used  for  macadamizing  the 
roads  built  under  the  direction  of  the  Geological  Survey,  and  also 
those  built  by  the  Roads  Engineer  of  Baltimore  county  have  been 
niade.     The  large  number  of  tests  which  had  already  been  made 
have  proved  of  great  value  for  comparison  with  new  materials.     A 
full  description  of  the  methods  used  and  the  results  obtained  from 
tests  from  nearly  every  variety  of  rock  in  the  State  is  found  on  pages 
315-327  of  the  First  Report  on  the  Highways  of  Maryland,  and 
on  pages  123-127  of  the  Second  Report  on  the  Highways  of  Mary- 
land. 
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TABLE  SHOWING  WEAR  FOR  EACH  BRICK  IN  RATTLER  TESTS. 
(Bricks  of  the  same  make  have  like  letters  after  the  test  nnmbef.) 


liaboratory 
Number. 

• 

•a 

A 

Percental  lost  by  each  brick  in  a  teat 

• 

1 

Charactor  of 
Shot. 

No.l 
17 

1       ■       : 
No.  2  No. 8  No.  4  No. 5  No.  6  No.  7;  No. 8 

I               1 

19   22   28  1  28   28   2»  !  24 

No.  9  N( 

>.10   ^ 

168 

28    I 

M)   38.8 

Old  cast  iron. 

169 

A 

15 

15 

17 

21 

28 

25 

80 

82 

83   i 

iO   34.8 

ti 

170 

A 

19 

22 

22 

24 

24 

24 

25 

26 

34   2 

S8   35.9 

t( 

171 

A 

16 

17 

20 

22 

22 

28 

29 

29 

39   i 

K)   34.1 

ti 

172 

A 

17 

18 

18 

22 

22 

28 

24 

25 

80   ! 

JO   32.7 

4t 

178 

B 

16 

17 

17 

17 

18 

18 

19 

19 

30 

17.8 

t( 

174 

B 

18 

14 

14 

15 

15 

16 

17 

19 

2:s 

16.0 

t( 

175 

B 

18 

18 

14 

16 

16 

16 

16 

17 

33 

15.8 

tt 

176 

B 

12 

18 

14 

14 

16 

17 

18 

18 

19 

15.6 

tt 

177 

B 

11 

14 

15 

16 

16 

17 

17 

19 

20 

16.0 

(t 

178 

C 

25 

80 

80 

82 

82 

88 

88 

89 

53 

85.8 

it 

179 

B 

19 

20 

20 

20 

21 

21 

24 

24 

26 

21.7 

Steel 

• 

180 

B 

16 

18 

20 

21 

21 

21 

22 

22 

25 

30.5 

it 

181 

B 

16 

17 

18 

19 

19 

21 

28 

28 

24 

30.8 

4t 

182 

B 

17 

18 

21 

21 

21 

22 

22 

28 

28 

30.9 

«i 

188 

B 

17 

18 

18 

18 

19 

19 

22 

22 

27 

19.9 

ti 

184 

A 

23 

24 

27 

27 

27 

28 

86 

89 

89   t 

^0   81.9 

ti 

185 

A 

20 

21 

24 

24 

25 

26 

29 

29 

84   I 

{9   27.1 

ti 

186 

A 

19 

28 

25 

25 

27 

28 

28 

29 

81   I 

\7       37.3 

ti 

187 

A 

28 

28 

28 

23 

25 

27 

27 

28 

84   I 

(4   36.7 

it 

188 

A 

22 

24 

24 

26 

26 

27 

29 

33 

88   4 

10   28.8 

it 

191 

C 

82 

84 

87 

40 

40 

42 

60 

62 

71 

42.0 

ti 

192 

A 

22 

22 

23 

28 

24 

24 

28 

80 

81   I 

(8   25.9 

New  cast  iron. 
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B 

12 

14 

17 

21 

21 

22 

29 

30 

48 

28.2 

it 
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C 

48 

51 

53 

54 

54 

55 

57 

57 

57 

54.0 

it 

195 

C 

34 

88 

39 

44 

45 

45 

45 

46 

55 

48.4 

t» 

196 

C 

26 

27 

31 

81 

82 

88 

35 

87 

60 

85.0 

it 

198 

A 

18 

19 

19 

21 

22 

22 

25 

82 

89    i 

i2   26.0 

tt 

199 

B 

18 

14 

16 

16 

16 

17 

17 

19 

20 

16.4 

it 

200 

A 

16 

17 

19 

23 

24 

25 

80 

81 

81    I 

>8   36.9 

it 

201 

B 

14 

14 

14 

16 

16 

17 

21 

25 

26 

18.1 

tt 

202 

A 

16 

19 

19 

20 

20 

28 

23 

24 

84    i 

{6   38.1 

it 

208 

D 

10 

16 

17 

18 

19 

19 

20 

20 

20 

18.4 

ti 

204 

B 

14 

15 

16 

16 

16 

16 

17 

18 

18 

16.3 

it 

205 

A 

16 

17 

18 

18 

22 

22 

22 

28 

24 

36   30.8 

it 

206 

B 

12 

18 

14 

15 

18 

20 

20 

20 

20 

16.8 

ti 

207 

E 

16 

19 

21 

22 

22 

24 

24 

26 

27 

33.0 

Steel 

■ 

208 

F 

18 

18 

22 

22 

23 

24 

25 

26 

28    i 

(6   24.2 

it 

209 

F 

19 

28 

23 

24 

24 

25 

25 

80 

81    2 

)4   25.8 

it 

Paving  Brick  Tests. 

A  full  description  of  the  details  of  the  tests  made  on  paving  brick 
is  to  be  found  in  the  Second  Report  on  the  Highways  of  Maryland, 
])ages  110-120.  A  table  of  the  results  of  the  tests  made  at  this 
laboratory  up  to  1902  is  given  in  the  same  report  on  pages  118-120. 
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BATTLES  TESTS. 

The  results  of  a  number  of  rattler  tests  made  in  1902  and  1903 
are  given  in  the  following  tables.  Nearly  all  of  these  tests  were 
made  at  the  request  of  the  City  Engineer  of  Baltimore.  In  a  num- 
ber of  instances  each  brick  was  marked  and  weighed  before  and 
after  the  rattler  test.  This  method  of  conducting  the  tests  has 
proved  more  satisfactory  as  it  shows  the  difference  in  uniformity 
between  different  lots  of  bricks  and  thus  makes  it  possible  to  draw 
specifications  so  as  to  secure  a  more  uniform  product. 

KATTLEB  TESTS  WITH  CAST  IBON  AND  STEEL  SHOT. 

There  has  been  made  in  the  past  two  years,  in  addition  to  the 
regular  tests,  a  series  of  tests  to  determine  the  difference  between 
the  results  of  rattler  tests  made  with  steel  shot  and  with  cast  iron 
shot.  Two  varieties  of  brick,  of  which  there  were  a  considerable 
number  at  the  laboratory,  were  selected.  The  samples  of  each 
variety  consisted  of  bricks  which  had  gradually  accumulated  from 
time  to  time  as  different  shipments  were  received.  The  bricks  se- 
lected represent  one  of  the  hardest  varieties  and  one  that  is  mod- 
erately soft  Fifteen  tests  were  made  of  each.  Five  tests  of  each 
variety  were  made  with  an  old  charge  of  cast  iron  shot  which  was 
not  changed  during  these  tests,  so  that  at  the  end  of  the  ten  tests  the 
shot  had  'worn  nearly  round.  The  total  weight  of  this  old  shot 
when  removed  was  245  pounds,  the  weight  at  the  beginning  was 
about  270  pounds.  Five  tests  were  then  made  of  each  variety  of 
brick  with  a  charge  of  new  steel  shot  weighing  300  pounds.  A 
third  set  of  five  tests  were  made  on  each  of  the  two  kinds  of  brick 
with  an  entirely  new  charge  of  cast  iron  shot,  the  weight  of  this 
charge  being  300  pounds.  The  results  are  given  in  the  following 
table: 

PERCENT  LOST  IN  RATTLER  TESTS  WITH 


Soft  Brick, 
(aU  of  the  same  make.) 


Old  Caet 
Iron  Shot. 

New  Cast 
Iron  Shot. 

Chilled 
Steel  Shot. 

'  28.8 

25.9 

81.9 

24.8 

26.0 

27.1 

-    25.9 

26.9 

27.2 

24.1 

23.1 

26.7 

22.7 

20.8 

28.8 

ATerage 24.2  24.5  28.8 
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PERCENT  LOST  IN  RATTLER  TESTS  WITH 

Old  Cast  New  Cast  Chilled 

Iron  Shot.  Iron  Shot.  Steel  Shot. 


Hard  Brick, 
(all  of  the  same  make.) 


r  17.8  28.2  21.7 

16.0  16.4  20.5 

15.8  18.1  20.8 

15.6  16.2  20.9 

16.0  15.8  19.9 


Average 16.2  17.9  20.7 

Each  brick  was  marked  and  weighed  before  and  after  the  test 

The  number  of  bricks  in  each  test  of  the  soft  variety  was  ten,  and  of 

the  hard  variety  was  nine.     Thus  there  were  fifty  specimens  of 

soft  brick  and  forty-five  specimens  of  the  hard  brick  tested  with 

each  of  the  three  kinds  of  shot.     The  individual  losses  of  the  soft 

bricks  tested  with  each  kind  of  shot  were  collected  together  and 

arranged  in  order  from  the  smallest  to  the  largest.     The  same  was 

done  for  the  hard  bricks.     The  result  is  shown  graphically  in  the 

accompanying  diagrams.     Fig.   15  shows  the  result  for  the  hard 

brick  and  Fig.  16  for  the  softer  brick.     Each  circle  represents  the 

loss  of  one  brick.     No  conclusion  as  to  relative  uniformity  of  hard 

and  soft  bricks  in  general  can  be  drawn  from  a  comparison  of  these 

two  tables ;  as  each  one  gives  the  results  for  one  make  of  brick  only. 

But  the  relative  effects  of  the  different  kinds  of  shot  are  brought 

out  clearly.     It  will  be  noticed  that  each  make  of  brick  contains 

bricks  of  different  degrees  of  hardness,  but  that  the  majority  keep 

fairly  near  the  average.     In  drawing  conclusions  as  to  the  effect 

which  the  character  of  the  shot  has  upon  the  results  of  the  tests,  the 
extremely  hard  or  soft  bricks,  which  are  evidently  quite  different 

from  the  usual  run,  can  be  disregarded.     It  is  evident  in  the  present 

instance  that  there  are  a  few  soft  brick  which  exercise  an  undue 

influence  upon  the  average  results  as  at  first  tabulated.     The  most 

important  conclusions  to  be  drawn  from  these  tests  are  that  the 

shape  of  the  shot  has  small  influence  on  the  result,  and  that  the 

difference  in  the  results  obtained  with  chilled  steel  and  with  cast 

iron  shot  is  about  4  per  cent.,  and  is  not  dependent  on  the  hardness 

of  the  brick. 
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Cement  Tests. 
tests  of  concrete  bars. 
These  tests  were  made  at  the  request  of  the  City  Engineer  of 
Baltimore,  who  desired  some  data  showing  the  comparative  strength 
of  concretes  made  with  different  cements  and  in  different  wavs. 
The  concrete  bars  were  made  by  the  City  Engineer's  Department, 
and  were  kept  in  the  moulds  for  24  hours,  in  water  6  days  and  were 
then  exposed  to  the  air  until  tested.  Tlie  tests  were  made  by  break- 
ing the  bars  midway  between  two  supports.  Tlie  first  lot  of  bars 
tested  were  about  5  feet  long,  by  4  inches  wide,  by  4  inches  deep. 
These  bars  were  broken  at  three  places;  first  at  the  centre  and  then 
each  half  was  in  turn  broken  at  its  centre.  The  position  of  the 
breaks  is  indicated  as  "  end  ''  or  "  centre  "  breaks  in  the  adjoiniu*; 
table.  The  modulus  of  rupture  was  computed  from  the  ordinary 
beam  formula.  The  bars  in  the  second  series  of  tests  were  about 
30  inches  long,  by  6  inches  wide,  by  6  inches  deep.  The  first  lot 
was  made  of  concrete  mixed  with  1  part  cement,  3  parts  sand,  and 
6  parts  broken  stone,  while  the  second  lot  was  composed  of  concrete 
made  1  ]>art  cement,  3  parts  sand,  and  7  parts  broken  stone.  The 
results  have  been  tabulated  as  follows: 

RESULTS  OF  TESTS  OF  4-TNCH  X  4-1 NCH  CONCRETE  BARS. 
CONCUETE  MIXED  1  PART  CEMKXT,  3  PARTS  SAND,  AND  6  PARTS  STONE. 


Sp<'cimen  marked. 


Date. 


Made 
1902. 


Atlas  No.  1 Apr.  28 


Atlas  No.  2 '  Apr.  'M) 


Atlas  No.  :{ 


t  i 


Paragon   No.  1 


(( 


4t 


t  i 

a 


Paragon  No.  2 

H  li  

••••••••••l 

Paragon  No.  :5 May  16 


it, 


4( 


t  i 


(t 


(( 


ii 


(> 


Tested 
1902. 


June  5 

Dec.  9 

(I 

i( 

K 

(  t 
1( 
tl 
I  I 
i( 

Dec.  10 
t% 

Dec.  9 
it 


c  . 

—  en 


82 
82 
225 
228 
223 
223 
223 

223 

228 

223 

228 

224 

224 
094 

207 
207 
207 


c   • 

*»  as 


center 

end 

end 

center 

end 

end 

center 

end 

end 

center 

end 

end 

center 

end 

end 

center 

end 

end 


as 

o   . 
— •  00 


885 
396 
396 
550 
678 
576 
? 

774 
779 
440 
880 
484 
462 
431 
440 

•   •   • 

550 
779 


-V  e  * 

A    E  «J 

u  O  b 


SO^'' 
30^' 
28'^ 
30^' 
80^' 

«   • 

SO''' 
30'^ 

80^' 

24// 

80'^ 
SO''' 
30^' 

•   • 

80^' 
24^' 


—  3  5f  ^* 

l35r 


406 
897 
369 
887 
490 
416 

V 

542 
572 
403 
803 
836 
386 
870 
888 

•  •  • 

505 
500 
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RESULTS  OF  TESTS  OF  8-INCH  X  8-INCH  CONCRETE  BARS. 
CONCRETE  MIXED  1  PART  CEMENT,  8  PARTS  SAND,  AND  7  PARTS  STONE, 


Specimen  marked. 


Atlas  No.  1... 
Atlas  No.  2... 
Atlas  No.  8... 
Paragon  No.  4 
Paragon  No.  5 
Paragon  No.  6 


Date. 

Age  in 
days. 

Made 
1902. 

Tested 
190e. 

Oct.  15 

Dec.  10 

56 

i»     17 

*»     10 

54 

"     28 

*»     10 

48 

»»     27 

a      13 

46 

"     29 

«*     12 

44 

Nov.    1 

"     12 

39 

n 

o  o 


8800 

2376 

880 

1342 

1588 
1650 


9t^ 

•35  « 


532 
871 
(flaw.) 
272 
243 
267 


TENSILE  STRENGTH  OF  CEMENT. 

A  new  method  and  a  new  apparatus  were  devised  by  the  writer 
to  eliminate  all  variations  in  the  results  of  tensile  tests  on  cements 
due  to  the  unknown  variable  stresses  sustained  by  the  test  specimen 
in  the  present  method  of  making  tensile  strength  tests  of  cement. 
The  apparatus  consists,  as  a  glance  at  Plate  XII,  Figs.  1  and  2  will 
show,  of  three  parts ;  a  cylinder,  A,  with  a  movable  piston  and  filled 
with  water  or  some  other  liquid;  a  cylinder,  B,  with  elastic  sides 
which  is  connected  with  the  cylinder  carrying  the  piston,  and  a 
pressure  gauge  connected  with  the  other  two  cylinders.  The  piston 
which  moves  in  the  cylinder.  A,  is  attached  to  a  threaded  rod  word- 
ing  through  a  nut  at  the  top  of  the  cylinder  thus  the  motion  of  the 
piston  can  be  regulated  to  a  nicety.  AVhen  the  piston  descends  the 
pressure  thus  developed  within  the  apparatus  is  registered  by  the 
gauge.  The  pressure  forces  the  water  into  the  middle  cylinder 
tending  to  swell  the  elastic  portion  of  it,  at  B,  which  consists  of  an 
india  rubber  tube. 

For  testing  cement,  circular  cylindrical  rings  are  made.  One  of 
the  rings,  which  can  be  seen  in  position  in  Plate  XII,  Fig.  1,  is 
put  over  the  centre  cylinder,  after  which  a  bell-shaped  cap,  D,  is 
placed  upon  the  test  ring  and  is  held  in  place  by  a  nut,  E,  which  is 
screwed  lightly  against  the  cap.  If  this  nut  were  not  used  the 
rubber  tube  in  expanding  would  tend  to  raise  the  cap  and  the  rubber 
would  be  forced  between  the  cap  and  the  cement  ring  which  would 
result  in  bursting  the  rubber  tube.     The  piston  is  then  screwed 
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down  by  means  of  a  handle,  F.  This  causes  the  rubber  tube  t^ 
swell  pressing  it  against  the  inner  side  of  the  cement  ring.  A  uni- 
form pressure  is  thus  secured  over  the  entire  inner  surface  of  the 
ring  and,  up  to  the  moment  of  rupture,  every  section  of  the  ring  is 
under  exactly  the  same  tensile  stress,  assuming  that  the  walls  of  the 
ring  are  everywhere  of  equal  thickness.  It  is  also  evident  that  all 
rings  of  the  same  size  are  subjected  to  exactly  the  same  conditions 
so  far  as  the  application  of  the  pressure  is  concerned,  and  the  differ- 
ence in  the  pressures  at  which  different  rings  are  ruptured  must 
be  occasioned  by  a  corresponding  difference  in  the  strength  of  the 
rings.  In  other  words  the  apparatus  treats  all  specimens  exactly 
alike,  not  subjecting  one  to  different  stresses  from  another,  as  is  the 
case  with  the  usual  method  of  making  tensile  tests  of  cement  It 
is  also  practically  impossible  for  any  shock  to  be  given  to  the  speci- 
men while  under  stress  because  the  air  which  is  inclosed  within  the 
apparatus,  acting  as  a  cushion,  prevents  any  sudden  changes  of  pres- 
sure. 

Inasmuch  as  it  is  known  from  the  theory  of  hydraulic  pressure 
that  the  heights  of  the  test  rings  under  the  above  conditions  have  no 
bearing  on  the  pressure  registered  by  the  gauge,  it  is  therefore  not 
necessary  that  all  the  rings  tested  be  of  the  same  height.  The  chief 
care  to  be  taken  in  this  particular  is  to  have  each  ring  of  the  same 
height  throughout.  It  is  also  known  that  the  average  strain  per 
square  inch  which  a  section  of  the  ring  sustains  has  the  same  ratio 
to  the  pressure  registered  by  the  gauge  that  the  inside  radius  of  the 
ring  has  to  its  thickness.  While  the  average  tensile  strength  thus 
obtained  for  a  section  of  a  ring  under  internal  pressure  is  not  the 
maximum  tensile  strength  developed  in  the  ring,  at  the  same  time 
true  comparative  values  of  the  strength  of  the  materials  of  different 
rings  of  like  dimensions  can  be  deduced.  However,  the  greater  the 
ratio  between  the  inside  radius  and  the  thickness  of  the  cement  rings 
the  more  nearly  will  it  be  possible  to  show  the  maximum  tensile 
strength  of  the  cement.  If  it  were  practical  to  make  extremely 
thin  rings  an  exceedingly  close  approximation  to  the  maximum 
tensile  strength  of  the  rings  could  be  determined,  but  tlie  same  re- 
sults can  be  obtained  in  a  somewhat  different  way.     After  having 
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lade  a  comparatively  thick  ring,  one  thick  enough  to  give  the  re- 
uisite  strength  to  withstand  ordinary  handling,  saw  cuts  are  made 
Q  opposite  sides  of  the  ring  parallel  to  its  axis.  The  ring  should 
e  sawed  through  from  the  outside  until  the  section  remaining  uncut 
3  relatively  small  compared  to  the  inside  radius  of  the  ring.  In 
tis  way  it  is  possible  to  test  an  extremely  thin  ring  and  it  may  be 
bat  the  results  of  future  experiments  will  show  that  this  is  the  best 
aethod  to  follow. 

It  is  possible,  knowing  the  relation  that  exists  between  the  pres- 
iire  per  square  inch,  as  registered  by  the  gauge,  the  tensile  strength 
>er  square  inch  developed  by  the  ring,  and  the  dimensions  of  the 
ing,  to  so  proportion  the  rings  that  the  tensile  strength  developed 
rill  be  some  convenient  multiple  of  the  gauge  reading.  For  ex- 
mple,  with  a  ring  having  an  inside  radius  of  one  inch  and  walls 
ne-half  inch  thick,  the  average  pressure  per  square  inch  sustained 
>y  a  single  section  of  this  ring  would  be  twice  the  pressure  shown 
)y  the  gauge. 

So  far  experiments  have  been  carried  on  with  rings  made  in  two 
mys,  cutting  them  with  a  diamond  drill  from  a  solid  slab  of  cement 
lortar  which  has  set  the  proper  time,  and  by  moulding  in  moulds, 
loth  methods  were  successful  with  neat  cement,  but  mortars  com- 
osed  of  sand  and  cement  could  not  be  as  successfully  drilled  with 
le  style  of  drills  at  hand.  Another  feature  noticed  in  connection 
'ith  drilling  cement  rings  was  the  lack  of  uniformity  in  the  size  of 
16  rings  so  that  it  was  necessary  to  measure  each  section  in  order 
3  determine  the  results.  No  such  difficulty  however,  has  been  expe- 
ienced  in  moulding  rings.  In  order  to  have  them  fit  in  the  testing 
lachine  it  will  occasionally  be  necessary  to  grind  the  end  of  a  ring 
0  that  it  will  present  a  flat  surface.  It  is  very  easy  to  do  this  and 
he  amount  of  grinding  required  seldom  takes  over  one  or  two 
ninutes.  This  precaution  is  necessary  to  prevent  the  rubber  tube 
:rom  blowing  out  between  the  test  specimen  and  the  brass  caps  which 
nclose  it. 

A  form  of  mould  that  has  been  successfully  used  for  making  the 
5en)ent  rings  is  shown  in  Fig.  17.  The  moulds  are  made  of  brass 
ind  may  be  either  single  or  in  gangs  for  as  many  as  five  briquettes. 
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Moulds  for  a  larger  number  are  unwieldlj  and  are  difficult  to  make 
with  satisfactory  joints.  The  moulds  eoneist  of  a  base^  C,  on  whidi 
a  top  piece.  A,  in  two  sections,  forming  the  outside  of  the  cement 
rings,  is  fastened  at  each  comer  by  means  of  small  bolts,  one  of  which 
is  shown  in  the  diagram  by  dotted  lines.  Holes  are  bored  in  the 
base,  in  which  are  placed  the  centre  cores,  B,  which  rest  by  a  shoul- 
der on  the  top  of  the  base.     These  cores  are  provided  with  two  small 


Ifio.  17.— Sketch  showing  plan,  half  section  and  half  elevation  of  monld   for 
making  cement  rings  used  to  determine  the  tensile  strength  of  cements. 

holes  on  the  under  side  in  which  a  spanner  wrench  may  be  inserted 
so  as  to  turn  the  cores  when  removing  them.  The  cores  are  tapered 
about  four  thousandths  of  an  inch.  If  comparatively  dry  mixtures 
are  used  the  cores  may  be  removed  immediately  after  the  cement 
ring  is  made.  If  the  mixtures  are  too  moist  to  allow  this  the  cores 
may  be  turned  around  a  number  of  times,  so  as  to  prevent  the  cement 
from  clinging  and  then  left  until  the  cement  has  set     To  remove 
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HYDRAULIC   CEMENT  TESTING   MACHINE. 
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the  rings  from  the  mould,  the  cores  having  been  taken  out,  the  base 
plate  is  unfastened  and  then  the  sides,  A,  are  gently  pried  apart. 
If  the  moulds  are  well  greased  with  albany  grease  very  little  trouble 
will  be  foimd  on  account  of  the  rings  adhering. 

The  cement  testing  machine  described  above  has  been  in  use  in 
this  laboratory  for  the  last  five  months  during  which  time  a  large 
number  of  tests  have  been  made.  Many  of  these,  however,  were  of 
a  preliminary  character;  and  systematic  tests  have  not  yet  been 
made  in  sufficient  number  to  determine  the  relation  between  results 
obtained  by  this  method  and  that  ordinarily  used.  So  far  as  the 
work  has  progressed  it  appears  that  the  new  method  will  give  more 
nearly  the  true  comparative  tensile  strength  of  different  cements. 
Direct  pressures  of  over  800  pounds  per  square  inch  are  very  readily 
developed,  which  with  rings  having  walls  one  half  as  thick  as  their 
inside  radius  means  an  average  stress  of  1600  pounds  per  square 
inch  on  each  section  of  the  test  ring.  The  chief  difficulty  that  is 
to  be  overcome  is  the  removal  of  the  cement  rings  from  the  moulds 
without  injury;  but  with  the  pattern  of  mould  shown  in  Fig.  17 
satisfactory  rings  can  be  made. 

Cement  testing  with  this  machine  will  shortly  be  undertaken  at  the 
laboratory  of  the  Massachusetts  Institute  of  Technology,  Boston, 
and  at  the  Koad  Material  Laboratory,  Department  of  Agriculture, 
Washington,  D.  C. 

Wearit^o  Test  of  Stone  and  Bhick. 

The  object  of  this  test  is  to  determine  the  relative  wearing  qual- 
ities of  different  rocks,  paving  bricks,  and  other  materials  having  a 
similar  granular  structure  so  that  an  accurate  comparison  of  their 
resistance  to  wear  can  be  made.  The  test  duplicates  as  nearly  as 
possible  the  wearing  action  to  which  steps,  stone  floors  and  walks 
are  subjected  by  the  action  of  foot  travel,  which  produces  a  grind- 
ing or  wearing  away  of  the  particles  without  inflicting  any  impact 
or  blow  such  as  is  sustained  by  materials  when  used  for  street  paving. 
The  test  of  the  latter  very  properly  introduces  impact,  as  well  as  wear, 
as  thev  are  combined  in  the  different  rattler  tests ;  but  where  there  is 
no  impact  to  be  resisted  the  test  should  not  have  this  feature. 
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The  Dorrey  test,  as  it  is  known,  is  the  Frendi  method  for  deter- 
mining the  wearing  qualities  of  rock.  This  test  employs  rectangular 
shaped  pieces  which  are  held  in  a  sliding  clamp  so  that  the  rock  may 
be  constantly  pressed  against  the  face  of  a  revolving  iron  disk.  The 
wearing  action  is  obtained  by  feeding  quartz  sand  and  water  to  the 
disk  as  it  revolves.  The  height  of  the  specimen  is  measured  before 
and  after  the  test  and  the  difference  is  taken  as  the  measure  of  wear. 
In  this  test  it  is  necessary  to  have  an  automatic  arrangement  for  feed- 
ing a  given  amount  of  sand  and  water  per  minute  and  to  have  the 
same  number  of  revolutions  of  the  disk  per  minute  in  each  test  The 
apparatus  used  for  this  test  is  somewhat  complicated  and  expensive 
to  make. 

After  a  careful  study  of  the  Dorrey  test  it  seemed  that  it  could  be 
simplified  and  at  the  same  time  made  more  accurate.  The  test  as  de- 
vised in  this  laboratory  does  away  with  much  of  the  mechanism  of  the 
Dorrey  test  and,  it  is  believed,  makes  it  much  easier  to  obtain  similar 
results  in  diflFerent  laboratories  with  the  same  material.  The  test- 
pieces  used  are  cylindrical  cores  one  inch  in  diameter,  made  with  a 
diamond  drill  from  specimens  of  the  material  to  be  tested.  They 
can  be  made  with  far  less  work  than  is  necessary  to  prepare  the  rect- 
angular-shaped test-pieces.  The  apparatus  for  making  the  test  is 
shoAvn  in  Fig.  18,  to  which  the  letters  in  the  following  descrip- 
tion refer :  The  cores,  K,  are  placed  in  a  brass  sleeve,  B,  in  which 
they  are  clamped  by  a  key,  D,  and  thus  held  firmly  in  position. 
The  brass  sleeve,  B,  in  which  the  rock  core  is  clamped,  slides  within 
a  second  brass  sleeve.  A,  in  which  is  cut  a  longitudinal  slot,  E,  for 
a  guiding-pin  to  pass  through  which  prevents  the  rock  core  from 
rotating.  There  are  two  sets  of  sleeves  or  guides  which  are  mounted 
securely  in  the  cross-piece,  F,  and  at  equal  distances  and  on  opposite 
sides  from  the  center  of  the  grinding  wheel,  W,  which  may  be  a 
carborundum  or  an  iron  disk  to  which  water  and  sand  are  fed 
through  a  tube  at  the  center. 

The  test  is  made  as  follows :  Cores  of  two  varieties  of  rock  are  pre- 
pared and  clamped  in  the  guides  on  each  side  and  firmly  pressed 
against  the  face  of  the  wearing  wheel  by  a  five-kilogramme  weight, 
0,  which  is  suspended  on  a  pivot,  H,  at  the  end  of  a  tube,  G,  resting 
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directly  on  the  rock  core,  R.  Tlie  weight  is  hung  in  this  maimer 
80  as  to  insure  always  a  direct  downward  pressure  which  will  be 
evenly  distributed  over  the  surface  of  the  test  core.  After  a  certain 
number  of  revolutions  the  amount  each  core  has  worn  away  is  meas- 
ured by  comparing  their  lengths  before  and  after  the  test.  The  ratio 
of  the  differences  so  found  is  the  ratio  of  the  wear  stistained  by  the 
two  samples  in  question.  Thus  if  one  wears  J4  of  an  inch  while  the 
other  wears  J^  of  an  inch,  the  second  material  will  wear  twice  as  fast, 
under  the  same  conditions,  as  the  first. 


It  is  evident  that  the  test-piece?  are  subjected  to  exactly  the  same 
conditions  whatever  the  nature  of  the  grinding  disk.  If  some  homo- 
^neous  limestone  or  sandstone  is  taken  as  a  standard  and  a  core  of 
this  material  placed  in  one  side  of  the  apparatus  and  a  core  of  some 
other' material  in  the  other,  and,  after  a  given  time,  the  wear  of  each 
core  is  obser\'ed,  the  relative  wear  of  tlie  two  materials  can  thus  be 
obtained.  Each  time  a  new  material  is  to  be  tested  a  test-piece  of 
the  standard  material  is  also  tested  and  the  rate  of  wear  of  the  new 
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material  is  expressed  in  terms  of  the  rate  of  wear  of  the  standard. 
It  is  not,  however,  necessary  to  test  a  new  sample  with  the  standard 
material  in  order  to  ascertain  its  relative  wearing  quality,  as  this  will 
be  known  if  the  new  material  is  tested  with  a  core  whose  rating  has 
already  been  determined. 

In  making  the  tests  in  the  above  manner  only  comparative  results 
are  used,  and  all  variations  due  to  the  method  of  conducting  the  test 
are  practically  eliminated.  The  time  of  running  a  test  depends  ou 
the  rapidity  with  which  the  test-pieces  wear.  If  the  material  to  be 
tested  is  exceedingly  hard  the  test  is  conducted  until  an  appreciable 
amount  has  been  worn  away  from  the  harder  material.  The  size 
of  the  grinding  disk  is  not  essential  so  long  as  the  test-pieces  are 
mounted  at  equal  distances  from  the  center  and  a  low  speed  main- 
tained. It  is  better,  however,  to  use  a  wheel  large  enough,  so  that  the 
inside  and  outside  edges  of  the  cores  will  receive  approximately  the 
same  wear.  A  twelve-inch  carborundum  wheel  has  been  used  in 
making  some  of  the  tests  in  this  laboratory  and  found  to  be  in  every 
way  satisfactory,  except  that  it  was  frequently  necessary  to  roughen 
the  face  of  the  wheel  which  became  partially  polished.  This  effect 
is  not  observed  if  a  carborundum  wheel  is  run  at  a  high  rate  of  speed, 
but  the  difference  in  the  hardness  of  many  materials  is  not  distin- 
guished by  such  speeds. 

WTiile  a  niunber  of  preliminary  tests  have  been  made  there  has 
not  been  sufficient  time,  however,  to  make  a  systematic  series  of  tests^ 
for  which  reason  no  results  are  at  present  ready  which  would  be  o 
general  value. 
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(FORM  OF  SPECIFICATIONS  USED  BY  MARYLAND  GEOLOGICAL 

SURVEY.) 

State  of  Maryland. 
of 

CONTKACT  AND  SPECIFICATIONS. 

For 

as  provided  for  in  the  specifications  annexed  hereto  and  plans  and  profiles 
made  bv  


and  dated 190 . . ,  made  and  concluded  this 

day  of 190. .,  between  the 

of party  of  the  first  part,  and 

partj'  of  the  second  part. 

Witnesseth:  That  in  consideration  of  the  sums  hereinafter  mentioned 
to  be  paid  by  the  party  of  the  first  part,  and  penalty  expressed  in  the 
bond  of  even  date  with  these  presents  and  annexed  hereto,  the  said  party 
of  the  second  part  agrees  with  said  party  of  the  first  part,  at  his  own 
proper  cost  and  expense,  to  do  all  the  work  and  furnish  all  materials 
necessary  to  do  the  work  hereinafter  described  in  the  specifications  herein 
contained  and  in  full  compliance  with  the  terms  of  this  agreement. 

In  witness  whereof  the  parties  hereto  have  set  their  hands  the  date 
herein  named. 

of 

Party  of  the  first  part. 


Party  of  the  second  part. 

WORK  TO  BE  DONE. 

ESTIMATED  QUANTITIES. 

Tlie  following  quantities  of  the  work  to  be  done  are  approximate  only 
*ind  are  intended  principally  to  serve  as  a  guide  in  figuring  out  the  bids. 
The  quantities  may  be  subsequently  increased  or  diminished   as  may  be 

fieemed  necessary  bv  the of 

as  hereinafter  provided  in  the  specifications. 

Excavation 

Earth  cu.  yds. 

Borrow  cu.  yds. 

Ledge  cu  yds. 

Masonry 

Dry  Kubble  cu.  yds. 

Cement  Rubble  cu.  yds. 

cu.  yds. 

cu.  yds. 

Vitrified  Clay  Pipe 

inch  ft. 

inch  ft. 

inch  ft. 
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Iron  Water  Pipe 

inch 

inch 

inch 

Macadam  Construction 
Class  A 
Class  B 
Class  C 

Telford  Construction 

Besurfacino 


ft. 
ft. 
ft. 

sq.  yds. 
sq.  yds. 
sq.  yds. 

sq.  yds. 

sq.  yds. 


MATERIALS  AND  TOOLS. 

The  Contractor  is  to  furnish  all  materials,  tools,  machinery  and  other 
means  of  construction,  all  labor,  and  to  do  all  the  work  in  connection  with 
the  proposed  improvement  of  said  road,  including  all  grading,  draining, 
and  surfacing  in  accordance  with  these  specifications,  and  plans  accom- 
panying, and  requirements  under  them  of  the  Engrineer. 


PRICES. 

In  consideration  of  the  following  prices,  to  be  paid  as  herein  provided  by 
the  party  of  the  first  part  to  this  contract,  the  Contractor,  party  of  the 
second  part  to  this  contract,  agrees  to  furnish  all  materials,  tools,  ma- 
chinery, and  other  means  of  construction,  all  labor  and  to  do  all  work 
as  provided  in  the  specifications,  to  wit: 


For  Earth  Excavation  of  all  descriptions 
(except  ledge),  including  grubbing,  clear- 
ing and  incidental  work. 

For  Borrow  Excavation,  including  all  grub- 
bing, clearing  and  incidental  work, 

For  Ledge  Excavation,  including  all  inci- 
dental work, 

For  Dry  Rubble  Masonry,  including  all  ma- 
terials and  incidental  work,  except  exca- 
vation, 

For  Cement  Rubble  ^L\80nry,  including  all 
materials  and  incidental  work,  except 
excavation, 

For  Vitrified  Clay  Pipe,  including  all  mate- 
rials* excavation  (except  ledge)  and  in- 
cidental work, 

inch, 

inch. 

inch. 


.cents  ($ )  per  cu.  yd 

.cents  ($....)  per  cu.  y< 
cents  ($ )  per  cu.  y 


cents  ($....)  per  cu.  > — 


cents  ($ )  per  cu.  ^-    «/. 


cents  ($ )  per  ft. 

cents  ($ )  per  ft. 

cents  ($ )  per  ft. 
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For  Ibon  Watbb  Pipe,  including  all  mate- 
rials, excavation  (except  ledge)  and  inci- 
dental work: 

inch,  not  less  than. . .  .inch  thick,  cents  ($. .)  per  ft. 

. . .  .inch,  not  less  than. . .  .inch  thick,  cents  ($. .)  per  ft. 

inch,  not  less  than. . .  .inch  thick,  cents  ($. .)  per  ft. 

For  Macadam  Constbuction  complete  in  place  on  the  road, 

including   preparation    of    road-bed,    making    shoulders,  t 

all  materials,  rolling  and  incidental  work  as  provided 
for  in  the  specifications: 

Class  A,  cents  ($ )  per  sq.  yd. 

Class  B,  cents  ($ )  per  sq.  yd. 

Class  C,  cents  ($ )  per  sq.  yd. 

For  Telfobd  Constbuction  complete  in  place  on  the  road, 
including  preparation  of  road-bed,  making  shoulders, 
all  materials,  rolling  and  incidental  work  as  provided 
for  in  the  specifications: 

cents  ($....)  per  sq. yd. 

For  Resubfacing  complete  in  place  on  the  road,  including 
preparation  of  road-bed,  making  shoulders,  all  mate- 
rials, rolling  and  incidental  work  as  provided  for  in  the 
specifications: 

cents  ($ )  per  sq.  yd. 

For  ExTBA  Wobk: 

PKELTMINARY  CONSTRUCTION. 

EARTH  WORK. 

GRADING. 

Wherever  a  change  in  the  grade  of  the  road  is  shown  on  the  profiles,  or 
is  indicated  by  the  Engineer,  material  is  to  be  excavated  or  filled  in,  as 
the  case  may  be,  until  the  proper  grade  is  reached  in  conformity  with 
the  accompanying  plans,  profiles  and  cross-sections. 

The  road  is  to  be  graded  to  the  width  and  shape  as  shown  on  the  plans 
or  as  indicated  by  the  Engineer. 

EXCAVATION. 

All  materials  excavated  and  used  for  filling  are  to  be  paid  for  as  exca- 
vation only. 

Materials  used  for  filling  and  brought  from  outside  the  lines  of  the 
Work  are  to  be  paid  for  as  borrow  excavation. 

Only  boulders  measuring  over  %  cubic  yard  or  ledge  requiring  blasting 
for  its  removal  will  be  paid  for  as  ledge  excavation.  No  allowance  will 
be  made  for  ledge  excavation  more  than  6  inches  below  sub-grade. 

All  other  materials  excavated  within  the  lines  of  the  work  are  to  be 
paid  for  as  earth  excavation. 

All  measurements  for  earth-work  or  ledge  are  to  be  made  in  excavation. 
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EMBANKMENTS. 

The  material  for  embankments  is  to  be  spread  in  layers  not  exceeding 
12  inches  in  thickness  until  the  proper  grade  is  reached.  Xo  roots, 
stumps  or  other  materials,  in  the  opinion  of  the  Engineer,  unfit  for  the 
work  are  to  be  used. 

SUBPLUS    MATEBIAL. 

All  surplus  material  excavated  is  to  be  used  in  widening  the  embank- 
ments. 

In  case  of  a  deficiency  of  material  for  the  embankments,  additional  ma- 
terial will  be  had  either  from  such  points  within  the  lines  of  the  work  or 
from  such  nearby  points  outside  as  the  Engineer  may  indicate. 

SLOPES. 

Slopes  in  cuts  shall  be  left  at  an  inclination  of  1  horizontal  to  1  vertical 
unless  otherwise  directed  by  the  Engineer. 

The  slopes  of  embankments  are  to  be  nowhere  steeper  than  1^  hori- 
zontal to    1   vertical. 

All  slopes  are  to  be  left  in  a  neat  and  presentable  condition  free  from 
all  rubbish  and  brought  to  a  proper  shape. 

DRY  RUBBLE  MASONRY. 

MATEBIAL. 

Dry  rubble  masonry  shall  be  composed  of  sound  quarry  stone  free  from 
structural  defects,  jiresentinir  good  beds  for  material  of  this  kind,  and  of 
suitable  sizes  and  shapes  for  the  work.  Xo  pieces  of  stone  with  rounded 
surfaces  are  to  be  used. 

The  stones  are  to  be  laid  so  as  to  give  a  bond  of  at  least  6  inches. 

One-third  of  the  work  is  to  consist  of  headers. 

The  larger  stones  are  to  be  used  for  foundation  purposes. 

COVERING  STONES. 

Covering  stones,  used  over  culverts,  shall  not  be  less  than  12  inches 
thick  nor  less  than  V4  their  length  in  thickness.  They  shall  be  sound 
granite  or  gneiss  or  other  rock  approved  by  the  Engineer.  Covering  stones 
shall  have  a  bearing  on  the  side  walls  of  at  least  12  inches.  They  are  to 
be  laid  as  closely  together  as  possible  and  crevices  filled  with  spalls  and 
cement  mortar. 

CEMENT  RUBBLE  MASONRY. 

MATERIAL. 

Cement  rubble  masonry  shall  be  composed  of  sound  quarry  stone  free 
from  structural  defects,  presenting  good  beds  for  material  of  this  kind, 
and  of  suitable  sizes  and  shapes  for  the  work.  No  pieces  of  stone  with 
rounded  surfaces  are  to  be  used. 

The  stones  are  to  be  laid  in  courses  not  less  than  12  inches  thick  with 
alternate  headers  and  stretchers. 

The  joints  are  not  to  be  over  1  inch  wide  and  are  to  be  well  filled  with 
cement  mortar. 
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CEMENT  MORTAK. 

Cement  mortar  is  to  consist  of  1  part  American  cement  and  2  parts 
clean,  sharp  sand  or  1  part  Portland  cement  and  3  parts  clean,  sharp  sand. 

The  cement  is  to  be  kept  until  used  in  tight  barrels  or  bags  thoroughly 
protected  from  all  moisture. 

No  cement  is  to  be  used  that  is  not  approved  by  the  Engineer. 

No  mortar  is  to  be  used  that  has  stood  over  30  minutes,  or  has  taken 
an  initial   set,  or  has  been  retempered. 

DRAIN-PIPE. 

MATERIAL. 

All  pipe,  either  clay  or  iron,  must  be  sound  and  free  from  cracks  and 
distortions. 

No  iron  pipe  of  less  thickness  than  as  agreed  upon  under  prices  to  be 
paid  is  to  be  used. 

Unless  otherwise  directed  by  the  Engineer  the  joints  of  the  pip**  an»  to 
be  calked  with  cement  mortar. 

LAYING. 

Trenches  for  drain-pipe  arc  to  be  excavated  to  the  grade  as  given  by 
the  Engineer.  All  pipe  must  be  laid  to  a  true  alignment.  Each  section 
of  pipe  must  have  a  firm  bearing  throughout  its  length.  If,  after  laying, 
any  pipe  shows  signs  of  settlement,  or  is  not  in  true  alignment,  it  is  to 
be  replaced  by  the  Contractor  at  his  own  expense,  upon  notice  from 
the   Engineer  to  that  effect. 

ENDS. 

The  exposed  ends  of  pipe-drains  are  to  be  protected  by  suc.»i  masonry 
as  the  Engineer  may  direct. 

PRICE. 

No  other  allowance  than  the  price  per  foot  for  laying  pipe,  as  herein 
agreed  upon,  will  be  made  for  excavating  the  trench  except  where  the 
Contractor  is  directed  to  dig  a  trench  more  than  3  feet  deep,  allowance 
then  being  made  for  all  material  excavated  beyond  3  feet  in  depth  and 
for  a  width  not  exceeding  1  foot  on  each  side  of  the  pipe. 


MACADAM  CONSTRUCTION. 

Macadam  construction  is  to  be  used  wherever  directed  by  the  Engineer 
or  provided  for  in  the  plans.  The  width  and  thickness  required  at  differ- 
ent points  is  to  be  that  designated  by  the  Engineer. 

CLASS  A.  B  AND  C. 

There  are  to  be  three  classes  of  macadam  construction  to  be  kno>\*n 
as  A,  B  and  C,  respectively.    Each  class  shall  consist  of  three  courses  of 
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broken  stone.    The  thickness  after  rolling",  of  the  various  courses  in  each 
class,   is  to  be   as   follows: 


Ist  Course. 

2d  Course. 

3d  Course. 

Class  A 

4  inches 

2  inches 

To   be    as   hereinafter 

Class  B 

5       " 

3       " 

described. 

Class  C 

6       " 

4       " 

Each  course  of  broken  stone  is  to  be  applied  as  herein  specified. 

ROAD-BED. 

MATERIAL. 

The  road-bed  for  macadam  construction  is  to  consist  of  the  natural 
earth  road-bed  prepared  and  rolled  until  firm  and  hard  in  the  following 
manner: 

If  sandy  or  other  soil  be  encountered  which  will  not  compact  readily 
imder  the  roller,  a  small  amount  of  clay,  or  other  means  satisfactory  to 
the  Engineer,  shall  be  used  until  a  firm,  hard  surface  is  obtained  after 
rolling. 

CUTS  AND  FILLS. 

In.  cuts  and  fills,  unless  otherwise  specially  directed,  the  road-bed  is  to 

be  graded  to  a  width  of feet,  and  is  to  be  free  from  all  spongy  and 

vegetable  matter,  roots  and  stumps.  The  portion  of  the  road-bed  pre- 
pared for  the  broken  stone  surface  is  to  be feet  wide  and  brought 

to  the  grades  and  cross-sections  as  shown  on  the  plans  and  rolled  with 
a  steam-roller  until  firm  and  hard.  All  depressions  that  may  appear 
during  the  rolling  are  to  be  filled  with  earth  and  re-rolled  until  an  even 
surface  with  a  proper  grade  and  cross-section  is  obtained. 

OLD  EARTH   ROAD-BED. 

Where  no  change,  from  the  present  grade  of  those  portions  of  the  road 
not  already  surfaced  with  stone,  is  shown  on  the  profile,  the  road-bed 
is  to  be  shaped  to  the  proper  cross-section  and  slight  elevations  with 
contiguous  depressions  removed  so  as  to  form  an  even  and  smooth  sur- 
face. The  road-bed  is  to  be  rolled  to  a  firm,  smooth  surface  before  the 
application   of   the   broken   stone. 

TRENCH  FOR  THE  BROKEN  STONE. 

The  portion  of  the  road-bed  prepared  for  the  broken  stone  is  to  be 
below  the  sides  by  an  amount  equal  to  the  thickness  of  the  first  course 
of  stone  so  as  to  prevent  the  broken  stone  spreading  at  the  sides. 

SHAPE. 

The  shape  for  the  road-bed  is  to  be  as  shown  on  the  accompanying  plans 
and  is  to  have  a  cross-slope  of inches  to  1  foot. 
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EXCAVATION. 

Xo  nHowance  wiH  be  made  the  Contractor  for  any  excavation  in  prc- 
J  ^siring"  the  road-bed,  for  either  telford  or  macadam  construction,  which 
d  oes  not  require  an  average  change  in  the  present  grade  of  the  road-bed 
<l:>  f  over  8  inches.  The  price  for  all  v^ork  done  in  preparing  the  road-bed, 
s.  fc  s  above  descibed,  is  to  be  included  in  the  price  stipulated  for  macadam, 
ti    <»lford  or  other  construction  of  whatever  description. 

FIRST  COURSE. 

MATERIAL. 

The  first  course   of   the  macadam  construction  is   to  consist   of   sound 

=stone  broken  to  sizes  varying  from  3  inches  to  2  inches,  no  piece  to  have 

SI  diameter  greater  than  TJ  iiiches.     This  is  to  be  known  as  '*  Xo.  1  "  size. 

No   material   is   to   be   used  which,    in   the   opinion   of  the    Engineer,   is 

unfit   for  the  work.     If  any  such  material  is  put  upon  the  road  it  shall 

be  removed  immediately  u])on  notice  from  the  Engineer  and  replaced  by 

proper   material   at   the   Contractor's   expense. 

SPREADIXG. 

Xo  broken  stone  is  to  be  spread  before  the  road-bed  has  been  made  as 
specified. 

The  broken  stone  is  to  be  spread  upon  the  road-bed,  i^repared  as  herein 

described,  with  shovels  from  piles  alongside  the  road  or  from  a  dumping 

board,  or  it  may  be  spread  directly  from  wagons  especially  constructed 

^or   this   purpose   and   approved   by   the   Engineer;    but   in   no   case   shall 

the  broken  stone  be  dumped  directly  upon  the  road-bed. 

ROLLING. 

After    the    broken    stone    for    the    first    course    has    been    spread    to    an 

\iiiiform  thickness,  and  has  a  propei    cross-section,  it  is  to  be  rolled  with 

51  steam-roller,  weighing  not  less   than   10  t<His,  until  it  is   compacted  to 

:fomi  a  firm,  smooth  surface.     Should  any  difficulty  be  experienced  while 

Tolling  in   having  the   stone   readily    compact,   sprinkling   with   water    or 

lightly    spreading    with   sand    or    other    material,    as    the    Engineer    may 

direct,  shall  be  employed.     The  rolling  must  begin  at  the  sides  and  work 

toward   the  center  thoroughly  covering  this   space   with   the   rear  w^heel 

of  the  roller. 

UXEVEXNESS   OR   DEPRESSIONS. 
Should  any  unevenness  or  depressions  appear,  during  or  after  the  roll- 
ing of  the  first  course,  they  are  to  be  remedied  immediately  with  broken 
stone  and  re-rolled  until  a  firm,  even  surface  is  obtained. 

thicknp:ss. 

The  thickness  of  the  first  course  of  broken  stone,  after  thorough  roll- 
ing, is  to  be  that  of  the  class  of  macadam  construction  specified  for  any 
particular  place  as  described  under  class  A,  B  and  C. 

If,  for  any  reason,  a  greater  thickness  than  specified  is  made  by  the 
Contractor  no  extra  allowance  for  such  additional  thickness  will  bo 
made. 
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SHOULDERS. 

After  the  first  course  has  been  made  as  herein  described,  earth-shoul- 
ders are  to  be  constructed  along  each  side  of  the  road  for  a  width  of  at 
least feet  as  8ho\\'n  on  the  accompanying  plans. 

Against  these  shoulders  is  to  be  spread  the  broken  stone  for  the  sec- 
ond course  as  herein  described.  The  shoulders  are  to  contain  a  sufficient 
quantity  of  earth  so  that  a  smooth  and  continuous  slope  will  be  obtained 
after  the  shoulders  and  second  course  are  rolled.    The  shoulders  with 

the feet  of  stone  will  make  a  total  width  of feet  to  be  shaped 

with  a  cross-slope  of inch  to  1  foot. 

Material  for  the  shoulders  must  be  free  from  roots,  stumps  or  other 
vegetable  matter  and  thoroughly  compacted  by  the  roller.  Material  with 
a  proportion  of  sand,  such  as  prevents  it  when  dry  from  compacting  readily 
imder  the  roller,  is  not  to  be  used. 

No  material  which  is  considered  unfit  for  the  work  by  the  Engineer  is 
to  be  used,  and  where  any  such  is  put  on  the  work  it  shall  be  immediately 
removed,  upon  notice  by  the  Engineer,  at  the  Contractor's  expense. 

SECOND  COURSE. 

The  second  course  of  the  macadam  construction  is  to  be  the  same  width 
as  the  first  course. 

MATERIAL. 

The  second  course  is  to  consist  of  stone  broken  to  sizes  varying  from 
1  inch  to  2  inches;  no  piece  to  have  a  greater  diameter  than  2  inches. 
This  will  be  known  as  "  No.  2  "  size. 

Unless  otherwise  specified  the  rock  shall  be  trap  rock  with  a  "  co- 
efficient of  wear,"  as  determined  by  tests  made  at  the  laboratory  of  the 
Highway  Division  of  the  Maryland  Geological  Survey,  of  not  less  than  15. 

SPREADING. 

The  broken  stone  for  the  second  course  is  not  to  be  spread  before  the 
first  course  has  been  completed  and  shoulders  made  as  herein  specified. 

The  broken  stone  is  to  be  spread  upon  the  first  course,  prepared  as 
herein  described,  with  shovels  from  piles  alongside  the  road  or  from  a 
dumping  board,  or  it  may  be  spread  directly  from  wagons  especially  con- 
structed for  this  i)urpose  and  approved  by  the  Engineer;  but  in  no  case 
shall  the  broken  stone  be  dumped  directly  upon  the  first  course. 

ROLLING. 
After  the  broken  stone  for  the  second  course  has  been  spread  to  an 
uniform  thickness,  and  has  a  proper  cross-section,  it  is  to  be  rolled  with 
a  steam-roller,  weiirhing  not  less  than  10  tons,  until  it  is  compacted  to 
form  a  firm,  smooth  surface.  Should  any  difficulty  be  eicperienced  while 
rolling  in  having  the  stone  readily  compact,  sprinkling  with  water  or 
lightly  spreading  with  sand  or  other  material,  as  the  Engineer  may 
direct,  shall  be  employed. 
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The  rolling"  is  to  begin  at  the  sides,  the  shoulders  first  being  rolled  firm 
so  as  to  prevent  spreading"  of  the  broken  stone  in  the  second  course. 
When  completed  the  surface  of  the  shoulders  and  of  the  second  course  of 

broken  stone  should  be  smooth  and  continuous  with  a  cross  slope  of 

inches  to  1  foot. 

UXEVENNESS  OR  DEPRESSIONS. 

If  any  unevenness  or  depressions  appear  during*  or  after  the  rolling  of 
the  second  course,  either  on  the  surface  of  the  shoulder  or  the  broken 
stone,  suitable  material  shall  be  added  to  remove  all  such  unevenness  or 
depressions,  earth  being  used  on  the  shoulders  and  No.  2  stone  for  the 
broken-stone  surface. 

THICKNESS. 

The  thickness  of  the  second  course  of  broken  stone,  after  thorough 
rolling",  is  to  be  that  of  the  class  of  macadam  construction,  specified  for 
nny  particular  place,  as  described  under  class  A,  B  and  C. 

If,  for  any  reason,  a  greater  thickness  than  specified  is  made  by  the 
Contractor,  no  extra  allowance  for  such  additional  thickness  will  be 
made. 

THIRD  COURSE. 

MATERIAL. 

The  third  course  of  macadam  construction  is  to  consist  of  trap  rock 
screenings  varying*  in  size  from  dust  to  1-inch  pieces.  Other  material 
than  trap  rock  screenings  may  be  used  if  approved  by  the  Engineer. 

SPREADING. 

After  the  second  course  of  No.  2  stone  has  been  rolled  and  completed 
as  above  described,  the  screenings  are  to  be  spread,  but  in  no  case  are 
screenings  to  be  used  until  the  second  course  has  been  thoroughly  rolled 
and  compacted.  The  screenings  are  to  be  spread  drj'  with  shovels  from 
piles  alongside  the  road,  or  from  dumping  boards,  but  in  no  case  are  the 
screenings  to  be  dumped  directly  on  the  second  course.  The  quantity 
of  screenings  used  is  to  be  such  as  will  just  cover  the  second  course. 

WATERING   AND   ROLLING. 

After  the  screenings  are  spread  they  are  to  be  sprinkled  with  water 
from  a  properly  constructed  sprinkling  cart,  and  then  rolled  with  a 
steam-roller  weighing  not  less  than  ten  tons.  The  amount  of  water 
necessarj-  is  to  be  determined  by  the  Engineer.  The  rolling  is  to  begin  at 
the  sides  and  to  continue  until  the  surface  is  hard  and  smooth  and  shows 
no  perceptible  tracks  from  vehicles  passing  over  it. 

If,  after  rolling  the  screenings,  the  No.  2  stone  appears  at  the  surface, 
additional  screenings  shall  be  used  in  such  places. 

The  rolling  and  watering  shall  continue  until  the  water  flushes  to  the 
surface.  The  rolling  is  to  extend  over  the  whole  width  of  the  road  includ- 
ing the  shoulders. 
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UNEVEXNESS    AND    DEPRESSIONS. 

If  any  unevenness  or  depressions  appear  in  the  road  surface  after  roll- 
ing the  screenings,  No.  2  broken  stone  and  screenings  shall  be  used  until 
they  are  removed  and  the  finished  surface  conforms  to  the  proper  cross- 
section,  as  shown  on  the  accompanying  plans,  and  presents  a  smooth, 
even  appearance. 

PRICE  PAID  FOR  MACADAM  CONSTRUCTION. 

The  price  herein  agreed  upon  to  be  paid  for  macadam  construction  is 
to  include  all  work  and  materials  necessary  to  do  the  work  as  herein 
specified  under  macadam  construction. 

TELFORD  CONSTRUCTION. 

Telford  construction  is  to  be  used  wherever  directed  by  the  Engineer 
or  provided  for  in  the  plans.  The  width  required  at  different  points  is 
to  be  that  designated  by  the  Engineer. 

ROAD-BED. 

The  road-bed  for  the  telford  construction  is  to  be  made  in  the  manner 
specified  for  the  road-bed  of  the  macadam  construction. 

FIRST  COURSE. 

MATERIAL. 

The  first  course  of  the  telford  construction  is  to  consist  of  sound  stone 
with  sharp  corners  broken  to  the  following  dimensions:  Depth  from 
5  to  8  inches;  width  from  3  to  6  inches;  and  lengfth  not  exceeding  16 
inches. 

LAYING. 

Broken  stone  for  the  first  course  of  the  telford  construction  is  not  to 
be  laid  before  the  road-bed  has  been  made  as  specified.  The  pieces  of 
stone  are  to  be  set  by  hand  on  edge  and  laid  close  together  lengthwise 
across  the  road,  resting  on  the  broadest  edge.  Protruding  corners  are 
to  be  broken  off  and  the  interstices  filled  with  small  pieces. 

ROLLING. 

After  the  stone  for  the  first  course  has  been  laid  and  brought  to  a 
proper  cross-section,  the  spaces  filled  with  spalls  and  made  as  compact 
a  layer  as  possible,  it  is  to  be  rolled  with  a  steam-roller  weighing  not 
less  than  ten  tons.    The  interstices  must  not  be  filled  with  earth. 

UNEVENNESS  OR  DEPRESSIONS. 

Should  any  unevenness  or  depressions  appear  during  or  after  the  roll- 
ing of  the  first  course,  they  are  to  be  remedied  immediately  by  broken 
stone  and  rolled  until  firm. 
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THICKNESS. 

The  thickness  of  the  first  course  for  telford  construction  is  to  be  8 
inches  when  finished. 

SHOULDERS. 

After  the  first  course  has  been  made  as  herein  described,  earth  shoul- 
ders are  to  be  constructed  along  each  side  of  the  road  for  a  width  of  at 

least feet  as  shown  on  the  accompanying  plans.    Shoulders  are  to 

be  made  as  already  specified  for  shoulders  of  the  macadam  construction. 

SECOND  COURSE. 

The  second  course  of  the  telford  construction  is  to  be  the  same  width 
as  the  first  course  and  made  in  the  same  manner  and  of  similar  materials 
as  specified  for  the  second  course  of  the  macadam  construction. 

THICKNESS. 

The  thickness  of  the  second  course  after  thorough  rolling  is  to  be  4 
inches. 

If  for  any  reason  a  greater  thickness  than  specified  is  made  by  the 
Contractor,  no  extra  allowance  for  such  thickness  will  be  made. 

THIRD  COURSE. 

The  third  course  of  the  telford  construction  is  to  be  made  in  the  same 
manner  and  of  similar  materials  as  specified  for  the  third  course  of  the 
macadam  construction. 

PRICE  PAID  FOR  TELFORD  CONSTRUCTION. 

The  price  paid  for  telford  construction  is  to  include  all  work  and  ma- 
terials necessary  to  do  the  work  as  herein  specified  under  telford  con- 
struction. 

KESUKFACING. 

Resurfacing  the  present  stone  road-bed  is  to  be  done  wherever  directed 
^y  the  Engineer  or  provided  for  in  the  plans.  The  width  required  at  dii- 
^erent  points  is  to  be  that  designated  by  the  Engineer. 

ROAD-BED  AND  FIRST  COURSE. 

WIDTH  AND  SHAPE. 

The  present  road-surface  is   to  be  loosened   and   shaped   for  a   width 

of feet  so  as  to  present  after  rolling  a  smooth,   even   appearance 

with  grades  and  a  cross-slope  of inch  to  1  foot  conforming  to  those 

shown  on  the  plans  accompanying  these  specifications. 
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MATERIAL. 

The  material  for  this  part  of  the  work  may  be  obtained  either  by  loosen- 
ing the  present  stone  foundation,  until  sufficient  material  is  obtained 
to  give  a  proper  shape,  or  broken  stone  may  be  used,  or  both,  as  may 
be  necessary.  The  broken  stone  to  be  used  for  this  purpose  is  to  consist 
of  pieces  having  no  dimension  greater  than  3  inches,  known  as  No.  1 
size,  and  may  be  any  sound  rock,  approved  by  the  Engineer,  that  seems 
most  available.    It  may  be  broken  either  by  hand  or  in  a  crusher. 

All  pieces  of  rock  loosened  from  the  present  bed  of  the  road  are  to  be 
broken  to  a  size  not  exceeding  3  inches  in  their  greatest  dimension,  or,  if 
larger,  such  pieces  may  be  thrown  to  one  side  and  other  broken  stone 
used,  but  in  no  case  are  pieces  of  stone  with  a  greater  dimension  than 
3  inches  to  be  in  the  reconstructed  portion  of  the  first  course. 

No  material  other  than  broken  stone  is  to  be  used  in  forming  the  first 
course  except  as  the  Engineer  may  direct. 

ROLLING. 

After  the  material  for  the  first  course  has  been  brought  to  proper 
shape  it  is  to  be  rolled  with  a  steam-roller,  weighing  not  less  tl^an  ten 
tons,  imtil  it  is  compacted  to  form  a  firm  and  smooth  surface.  Should 
any  difficulty  be  experienced  in  having  the  stone  readily  compact  while 
rolling,  sprinkling  with  w^ater  or  lightly  spreading  with  sand,  or  other 
material,  as  the  Engineer  may  direct,  shall  be  employed.  In  no  instance 
shall  broken  stone  for  the  second  course  be  spread  until  the  first  course 
has  been  rolled  as  above  described.  The  rolling  must  begin  at  the  sides 
and  work  toward  the  center,  thoroughly  covering  this  space  with  the 
rear  wheel  of  the  roller. 

UNEVENNESS  OR  DEPRESSIONS. 

Should  any  unevenness  or  depressions  appear  during  or  after  the  roll- 
ing of  the  first  course,  such  unevenness  or  depressions  are  to  be  reme- 
died either  by  removing  or  adding  broken  stone  as  may  be  required. 
Such  places  must  be  rolled  before  the  material  for  the  second  course  is 
spread. 

THICKNESS. 

The  first  course,  as  formed  from  the  present  stone  covering  on  the 
road  as  described  above,  is  to  be  nowhere  less  than  5  inches  thick. 

If,  for  any  reason,  a  greater  thickness  than  specified  is  made  by  the 
Contractor,  no  extra  allowance  for  such  additional  thickness  will  be 
made. 

SHOULDERS. 

After  the  first  course  has  been  made,  as  herein  described,  earth  shoul- 
ders are  to  be  constructed  along  each  side  of  the  road  for  a  width  of  at 
least feet,  as  shown  on  the  accompanying  plans. 

Against  these  shoulders  the  broken  stone  for  the  second  course  is  to  be 
spread   as  herein    described.     The    shoulders   are   to   contain  a   sufficient 
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quantity  of  earth  so  that  a  smooth  and  continuous  slope  will  be  obtained 
after   the   shoulders   and   second   course   are  rolled.    The   shoulders   with 

the feet  of  stone  will  make  a  total  width  of feet  to  be  shaped 

with  a  cross-slope  of inch  to  1  foot. 

Material  for  the  shoulders  must  be  free  from  roots,  stumps  or  other 
vegetable  matter  and  thoroughly  compacted  by  the  roller.  Material  with 
a  proportion  of  sand,  such  as  prevents  it  when  dry  from  compacting  readily 
under  the  roller,  is  not  to  be  used. 

No  material  which  is  considered  unfit  for  the  work  by  the  Engineer  is 
to  be  used,  and  where  any  such  is  put  on  the  work  it  shall  be  imme- 
diately removed,  upon  notice  by  the  Engineer,  at  the  Contractor's  ex- 
pense. 

SECOND  COURSE. 

The  second  course  of  the  resurfacing  is  to  be  the  same  width  as  the 
first  course  and  made  in  the  same  manner  and  of  similar  materials  as 
specified  for  the  second  course  of  macadam  construction. 

THICKNESS. 

The  second  course  of  the  resurfacing  is  to  be  nowhere  less  than  3 
inches  thick  after  thorough  rolling. 

If,  for  any  reason,  a  greater  thickness  than  specified  is  made  by  the 
Oontractor,  no  extra  allowance  for  such  additional  thickness  will  be 
tnade. 

THIRD  COURSE. 

The  third  course  of  the  resurfacing  is  to  be  made  in  the  same  way  and 
of  similar  materials  as  specified  for  the  third  course  of  the  macadam 
<jonstruction. 

PRICE  PAID  FOR  RESURFACING. 

The  price  herein  agreed  upon  to  be  paid  for  resurfacing  is  to  include 
all  work  and  materials  necessary  to  do  the  work  as  herein  specified 
under  resurfacing. 


GENERAL  CLAUSES. 

PT^NS,    PROFILES    AND    SPECIFICATIONS. 

The  plans,  profiles  and  specifications  are  hereby  made  a  part  of  this 
Contract,  and  will  be  held  to  cover  any  and  all  work  that  could  reason- 
a.bly  be  inferred  as  needed  for  a  complete  and  workmanlike  job.  And 
it  is  understood  no  advantage  will  be  taken  of  discrepancies  found  in 
«iny   drawing  or  specification. 

ENGINEER  AS  REFEREE. 

It  is  agreed  by  both  parties  to  this  contract  that  the  Engineer  shall 
act  as  referee  in  all  questions  arising  under  the  terms  of  this  contract 
between  the  parties  thereto,  and  that  the  decision  of  the  Engineer  in  all 
such  cases  shall  be  final  and  binding  upon  both  alike. 
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It  is  understood  and  agreed  that  said  Engineer  shall  not  be  the  paid 
ag-ent  of  either  party  to  this  contract. 

CHANGES    IN    PLANS. 

The  right  is  reserved  to  make  such  changes  in  the  plans  or  specifica- 
tions as  may  from  time  to  time  appear  necessary  or  desirable,  and  such 
changes  shall  in  no  wise  invalidate  this  contract.  Should  such  changes 
be  productive  of  increased  cost  to  the  Contractor  a  fair  and  equitable 
sum  therefor,  to  be  agreed  upon  before  such  changed  work  shall  have 
been  begun,  shall  be  added  to  the  contract  price,  and  in  like  manner  de- 
ductions shall   be   made. 

CONTRACTOR'S  LIABILITY. 

The  Contractor  hereby  assumes  all  risk  and  liabilities  for  accidents 
and  damages  that  may  accrue  to  persons  or  property  during  the  prose- 
cution of  the  work  by  reason  of  the  negligence  or  carelessness  of  him- 
self, his  agents  or  his  employees. 

SUB-LETTING  CONTRACT. 

The  Contractor  agrees  to  give  his  personal  attention  to  this  contract 
and  not  to  sub-let  the  same,  or  any  portion,  without  written  consent  of 
the  Commissioners. 


INSTRUCTIONS  TO  FOREMAN. 
The  superintendent  or  foreman  of  any  particular  portion  of  the  work 
shall  receive  and  obey  the  instructions  of  the  Engineer  referring  to  that 
particular  part  of  the  work  in  vase  the  Contractor  himself  is  not  present. 

DUTIES  OF  INSPECTOR. 
It  shall  be  the  duty  of  the  Inspector  to  see  that  the  provisions  of  this 
contract  and  specifications  arc  fulfilled  by  the  Contractor,  and  in  case 
all  the  requirements  of  the  specifications  are  not  fulfilled  to  report  th«* 
same  immediately  to  the  Engineer.  Any  instructions  which  the  Inspector 
may  give  the  Contractor  shall  in  no  wise  be  construed  as  releasing  the 
Contractor  from  the  proper  fulfillment  of  the  terms  of  this  contract  as 
determinecl  by  the  P^ngineer.  The  Inspector  will  perform  such  other 
duties  as  the may  indicate. 

WORK  BEGUN  AND  COMPLETED. 

The   work   is   to  begin   within days  after   the  execution   of   this 

contract  and  to  be  diligently  prosecuted  to  completion  in  such  order  as 
may  be  prescribed  by  the 

The  Contractor  hereby  agrees  to  complete  the  work  on  or  before 

If  the  w^ork  is  not  completed  at  the  date  herein  named  the  Contractor 
further  agrees  to  pay  to  the  party  of  the  first  part  of  this  contract  the 
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sum  of dollars   ($ )  per  day  as  payment  for  all  damages  to 

party   of  the  first  part  because   of  the   non-completion  of  the  work   on 
said  date. 

UIWS  AND  ORDINANCES. 

The  Contractor  and  those  under  him  shall  conduct  the  work  in  such 
a  manner  as  to  fulfill  all  the  requirements  of  State,  County  or  Municipal 
laws  and  ordinances  applying  to  the  work  in  hand,  and  he  shall  take 
such  necessary  precautions  as  will  guard  against  losses  of  life  or  accident. 

CLEABING  UP. 

The  Contractor  is  to  leave  the  road  in  a  neat  and  presentable  condition, 
and  to  remove  and  clear  up  all  rubbish  and  surplus  material. 


DISOEDEBLY   PEBSONS. 

Should  any  person  employed  by  the  Contractor  appear  incompetent  or 
disorderly,  he  shall  be  immediately  discharged  upon  request  of  the  Engi- 
neer and  shall  not  be  employed  again  upon  the  work. 


DEFINITIONS. 

AVhenever  the  word is  used  in  this  contract,  it  is  understood  to 

mean  the for County,  party  of  the  first  part  to  this 

contract,  or  their  authorized  representative  limited  by  the  particular 
duties  intrusted  to  him. 

Whenever  the  word  "  Contractor  "  is  used,  it  is  understood  to  mean  the 
person  or  persons  who  have  entered  into  this  contract  as  party  or  parties 
of  the  second  part. 

Whenever  the  word  "  Inspector  "  is  used,  it  is  understood  to  mean  the 
employee  of  the  party  of  the  first  part  to  this  contract,  employed  to  per- 
form such  duties  as  are  herein  described  as  the  duties  of  the  Inspector. 

Whenever  the  word  "  Engineer "  is  used,  it  is  understood  to  mean 
or  his  authorized  representative. 

MEASUBEMENT  OF  WOBK  DONE. 

The  amount  of  work  done  by  the  Contractor  is  to  be  measured  by  the 
Engineer,  except  that  character  of  work  which  would  require  for  its 
measurement  a  detailed  tally  of  the  materials  as  delivered  on  the  work. 
In  this  latter  case  a  tally  is  to  be  kept  by  the  Inspector,  who  shall  at  the 
end  of  each  day  compare  his  tally  with  that  of  the  Contractor,  or  fore- 
man in  charge.  The  Inspector  shall  send  daily  his  tally,  with  the  Con- 
tractor's or  his  foreman's  signature,  to  the  Engineer.  Should  there  be  a 
dispute  between  the  Inspector  and  the  Contractor  as  to  the  amounts  in 
any  particular  instance,  the  Contractor  must  send  immediately  his  ac- 
count to  the  Engineer.  It  is  understood  and  agreed  that  if  no  other  tally 
of  materials  delivered,  than  that  of  the  Inspector,  is  received  by  the  Engi- 
neer within  five  days  after  the  receipt  of  the  Inspector's  tally,  the  Engi- 
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iieer*s  estimate  shall  be  based  upon  the  reports  as  made  by  the  Inspector, 
whether  or  not  these  reports  are  signed  by  the  Contractor  or  his  fore- 
man, and  will  be  the  basis  of  payment  to  the  Contractor.  Whenever  a 
difference  exists  between  the  returns  made  by  the  Inspector  and  the 
Contractor's  apent  the  decision  of  the  Engineer  is  to  be  final  and  binding 
upon  both  parties  to  this  contract. 

ESTIMATES  A^^D  PAYMENTS. 

No  allowance  will  be  made  the  Contractor  by  the  Engineer  in  his  esti- 
mates fur  materials  that  are  not  in  place  (i.  e.,  that  are  not  in  finished 
portions  of  the  work),  nor  will  estimates  be  furnished  for  any  part  of 
the  work  which  is  in  an  unfinished  condition  except  that  allowance  will 
be  made  for  all  excavation  done  each  month. 

Payments  will  be  made  by  the to  the  Contractor  on   work 

done  under  this  contract  as  follows: 

On  estimates  of  the  work  done  the  preceding  month  as  furnished   in 

writing  by  the  Engineer,  less per  cent  of  such  estimates  which  is 

to  be  retained  by  the until  the  completion  of  the  whole  work, 

when,  upon  certificate  of  said  Engineer  that  the  work  has  been  ci>inpleted 
in  accordance  with  these  plans  and  specifications,  all  money  then  due  to 
the  Contractor  under  this  contract  will  be  paid  to  him  by  the 

BOXD. 

KNOW  ALL  MEN  BY  THESE  PRESENTS: 

That  we as  principal   and 

as  suret ,  are  held  and  firmly 

bound  unto  the of County,   State   of 

Maryland,  in  the  sum  of dollars  ($ ),  to  be  paid  to  the  said 

,  or  their  certain  attorney,  their  successor  and  assigns,  for 

which  payment  well  and  truly  to  be  made,  we  bind  ourselves,  our  heirs, 
executors  and  administrators,  jointly  and  severally,  by  these  presents. 
Sealed  with  our  seals  and  dated  this day  of 190. . . 

THE  CONDITION  OF  THIS  OBLIGATION  IS  SUCH  that  if  said  prin- 
cipal   shall  well  and  truly 

keep  and  perform  all  the  terms  and  conditions  of  the  aforegoing  contract 

for on part  to  be  kept  and 

performed,  and  shall  indemnify  the  said of 

as  herein  stipulated,  then  this  obligation  shall  have  no  effect,  otherwise 
it  shall  remain  in  full  force  and  virtue. 

[Seal.] 

[Seal.] 

[Seal.} 

Witness: 
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ORIGIN,  DISTRIBUTION  AND  USES  OF  COAL 


BY 

WM.  BULLOCK  CLARK 


INTRODUCTION 

The  coal  deposits  of  Maryland  are  confined  to  the  western  part  of 
the  State  where  for  more  than  lialf  a  century  they  have  afforded  the 
basis  of  the  most  important  mineral  industry  in  Maryland.  They 
have  been  studied  by  geologists  since  the  early  days  of  geological 
investigation  in  Maryland  and  a  copious  literature  has  resulted  in 
which  both  the  geological  and  economic  conditions  have  been  ex- 
tensively discussed.  The  proximity  of  the  coal  areas  of  western 
Maryland  to  those  of  Pennsylvania  on  the  north  and  of  West  Vir- 
ginia on  the  south  and  west  has  likewise  led  to  the  incorporation  of 
the  Maryland  district  in  the  discussions  of  those  two  regions,  and 
a  study  of  the  geological  literature  of  those  states  will,  therefore, 
afford  much  information  regarding  the  coal  deposits  of  Maryland. 
Many  of  the  names  employed  for  the  formations  and  coal  seams  of 
Maryland  have,  moreover,  been  proposed  by  the  geologists  of 
these  neighboring  conmionwealths,  while,  on  the  other  hand,  the  great 
economic  importance  of  the  Georges  Creek  basin  and  its  early  study 
led  in  some  instances  to  the  employment  of  terms  there  which  have 
likewise  been  adopted  in  neighboring  areas.  The  relations  of  the 
Maryland  deposits  to  those  of  adjacent  states  w^ill  accordingly  form 
an  important  chapter  in  the  discussion  which  follows. 

No  question  has  more  fully  occupied  the  attention  of  the  present 
State  Geological  Survey  than  the  coal  deposits  of  Allegany  and  Gar- 
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rett  counties,  both  on  account  of  their  present  commercial  importance 
and  the  possibility  of  their  greatly  increased  development  in  areas 
that  are  at  present  unworked.  Maps  of  the  geology  showing  the 
several  formations  and  their  contained  coal  beds  have  been  prepared 
on  a  large  scale  and  have  already  been  issued  in  the  volumes  dealing 
with  Allegany  and  Garrett  coimties.  Less  attention  will  be  paid  to 
the  geological  features  in  the  present  paper,  most  of  the  report 
being  devoted  to  the  distribution,  character,  and  availability  of  the 
coal  beds. 

History  of  the  Use  of  Coal. 

The  use  of  coal  dates  back  to  the  very  earliest  times  although  its 
consumption  in  large  amounts  covers  only  a  short  period.  The  Chi- 
nese made  use  of  coal  in  the  far  distant  past  and  the  people  inhabit- 
ing the  northern  shores  of  the  Mediterranean  also  employed  it  from 
the  earliest  period  of  recorded  history,  Greek  literature  as  early  as 
the  fourth  century  B.  C.  containing  accounts  of  its  properties.  The 
ancient  Britons  were  also  using  coal  at  the  time  of  the  Roman  inva- 
sion. From  these  early  periods  the  importance  of  coal  as  a  fuel, 
even  for  simple  metallurgical,  smithing,  and  domestic  purposes, 
came  to  be  but  slowly  recognized  until  the  invention  of  the  steam 
engine  in  the  middle  of  the  eighteenth  century  brought  about  a  greatly 
increased  use  of  coal  which  has  advanced  with  rapid  strides,  until 
to-day  coal  is  the  greatest  single  factor  in  the  industrial  life  of  the 
world. 

Although  it  seems  probable  that  the  existence  of  coal  in  America 
was  known  to  the  Indians  before  the  advent  of  the  whites,  yet  the 
first  authentic  use  of  it  for  commercial  purposes  dates  from  the  year 
1769  when  a  blacksmith  in  Pennsylvania  employed  anthracite  for 
fuel  in  his  forge.  Notwithstanding  this  and  other  local  uses  of  coal 
in  the  anthracite  region  the  beginning  of  the  Pennsylvania  coal  trade 
only  dates  from  1807  when  the  first  regular  shipments  of  coal  began 
on  the  Susquehanna  river.  By  1820  this  had  materially  increased 
and  from  that  time  on,  down  to  the  present  day,  the  anthracite  coal 
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"fcx-ade  has  had  a  rapid  development.  Great  difficulty  was  encountered 
i  n  earlier  years  in  making  people  believe  that  mineral  coal  could  be 
s%  ^iccessfully  used  as  fuel  and  the  earliest  shippers  of  Pennsylvania 
nthracite  accompanied  their  shipments,  taking  grates  which  were  set 
ip  in  public  houses  to  demonstrate  the  use  and  value  of  this  fuel. 
The  use  of  bituminous  coal  also  dates  from  the  latter  part  of  the 
eighteenth  century,  a  coal  mine  being  reported  as  opened  in  the 
^'icinity  of  what  is  now  the  city  of  Pittsburg  even  earlier  than  the 
date  of  the  first  authentic  use  of  anthracite,  but  no  reliable  records 
regarding  it  can  be  secured.  It  is  known,  however,  that  after  1794 
when  the  first  steam  engine  was  employed  in  Pittsburg  the  demand 
for  bituminous  coal  increased  and  that  within  a  few  years  a  number 
of  mines  had  already  been  opened  in  the  region.  Bituminous  coal 
Was  not  employed  to  any  extent  for  industrial  purposes,  however, 
until  about  1826,  in  which  year  it  is  reported  that  about  3500  tons 
of  coal  were  used  in  the  vicinity  of  Pittsburg.  From  that  time  on 
the  soft  coal  output  has  increased  rapidly  until  it  now  surpasses  the 
anthracite.  The  Northern  Appalachian  coal  field  from  its  proximity 
to  the  great  manufacturing  centers  has  always  been  the  most  im- 
portant bituminous  coal  field  in  the  United  States. 

Although  coal  was  discovered  near  Frostburg  at  least  as  early  as 
1782,^  the  first  eastern  shipments  from  the  Maryland  coal  district 
were  not  made,  so  far  as  kno^vn,  until  1820,  when  small  amounts 
were  transported  by  barges  down  the  Potomac  river.  Since  the  con- 
struction of  the  Baltimore  and  Ohio  Railroad  in  1842  and  of  the 
Chesapeake  and  Ohio  Canal  in  1850,  the  output  from  the  Maryland 
mines  has  very  rapidly  increased  and  numerous  companies  are  now 
engaged  in  the  mining  of  coal  in  Maryland. 

The  development  of  the  southern  Appalachian  coal  field  dates  from 
a  later  period  than  the  northern  Appalachian  field,  although  coal  was 
mined  in  the  Birmingham  district  as  early  as  1836.     It  was  not, 

*  Carte  g6n6rale  des  Trelze  Etats  Unis  et  Ind^pendants  de  TAm^rique  Sep- 
tentrionale  d'aprfts  M.  Bonne,  1782,  shows  a  "  Mine  de  Charbon  "  at  the  mouth 
of  Georges  Creek. 
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however,  until  after  the  close  of  the  Civil  War  that  the  great  im- 
portance of  this  district  became  apparent. 

Of  more  importance  even  than  the  anthracite  and  bituminous  coak 
of  Carboniferous  age  in  the  eastern  states  in  these  early  days  were 
the  Triassic  coals  of  the  Richmond  basin  in  Virginia  which  until 
the  late  thirties  were  more  extensively  mined  than  any  other  coal 
beds  of  the  United  States  witli  the  exception  of  the  anthracite  coals 
of  Pennsylvania.  Even  as  early  as  1789  shipments  had  been  made 
from  this  region  to  northern  cities.  This  field  is,  however,  of  rela- 
tively small  importance  at  the  present  day  compared  with  the  great 
areas  of  Carboniferous  coal  to  the  westward. 

The  coal  fields  west  of  the  Alleghanies  were  much  later  in  develop- 
ment than  those  of  the  eastern  fields,  although  the  bituminous  coal 
of  the  interior  region  was  already  mined  to  some  extent  during  the 
decade  from  1830  to  1840.  Considerable  shipments  w^ere  made 
do^vn  the  Ohio  river  soon  after  1840,  and  from  that  time  on  the 
importance  of  the  coal  deposits  of  the  interior  became  more  and  more 
marked  as  the  region  became  more  fully  settled. 

The  development  of  coal  on  the  Pacific  coast  was  of  still  more 
recent  date,  the  industry  attaining  little  importance  until  after  1860, 
wdien  coal  began  to  be  shipped  in  considerable  quantities  to  San  Fran- 
cisco and  other  points  from  mines  in  California,  Oregon,  and  Wash- 
ington. The  development  of  the  coal  industry  on  the  Pacific  coast 
has  encountered  many  vicissitudes  because  of  the  many  difficulties 
encountered  in  the  mining  operations. 

Origin  of  Coal. 

Coal  is  formed  from  vegetable  debris.  This  is  show^n  from  the 
chemical  composition  of  the  materials  and  their  association  with  defi- 
nitely recognizable  roots,  trunks,  branches,  and  leaves  of  a  character 
typical  of  the  period  when  the  coal  deposits  were  laid  down.  The 
state  of  preservation  of  the  plant  remains  depends  to  a  considerable 
extent  on  the  stage  of  alteration  of  the  materials,  although  the  organic 
structure  is  generally  entirely  obliterated  in  the  main  body  of  all  coal 
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seams.  Plant  remains  are  generally  present,  however,  in  the  shales 
and  clays  overlying  and  underlying  the  coal  bed,  and  it  is  not  uncom- 
mon to  find  the  layers  beneath  the  coal  penetrated  by  rootlets  which 
branch  in  all  directions  as  in  the  soils  and  subsoils  of  the  present  day. 
At  times  these  adjacent  beds  afford  vast  numbers  of  determinable 
plant  remains  in  which  the  most  delicate  structures  are  preserved. 
In  this  way  paleontologists  have  been  able  to  show  the  character  of 
the  forests  of  the  period  of  coal  formation  and  even  to  describe  the 
accompanying  insect  life,  caught  in  the  exuding  gum  of  the  trees. 

Every  gradation  from  unaltered  vegetable  debris  through  peat, 
lignite,  bituminous  coal,  semi-bituminous  coal,  semi-anthracite,  an- 
thracite, graphitic  anthracite  to  graphite  may  be  found  and  there 
is  every  reason  to  believe  that  all  of  these  materials  have  had  a  com- 
mon origin,  although  their  method  of  accumulation  may  have  varied 
in  different  localities. 

Two  views  have  been  advanced  to  account  for  the  deposition  of 
vegetable  debris  in  sufficiently  large  quantities  to  produce  beds  of 
coal.  By  the  first  its  origin  would  be  explained  through  the  growth 
and  burial  of  the  material  in  the  place  where  it  is  now  found;  by 
the  second  through  the  transportation  of  the  material  by  stream  and 
shore  currents  from  the  nearby  land  of  the  period,  and  its  deposition 
in  shallow  waters  not  far  from  shore,  like  other  sediments. 

By  those  holding  the  first  view  coal  deposits  have  been  compared 
to  sphagnous  or  peat-like  accumulations  in  marshes,  or  cypress  and 
mangrove  swamps  which  have  gradually  spread  along  low  shore-lines 
for  great  distances  and  through  slow  subsidence  been  buried  and  pro- 
tected by  muddy  and  sandy  sediments.  As  coal  deposits  are  often 
found  at  successive  horizons  through  a  thickness  of  thousands  of  feet, 
the  same  conditions  of  plant  accumulations  must  necessarily  have  per- 
sisted throughout  the  entire  period,  with  the  exception  of  longer  or 
shorter  interruptions  when  the  muddy  and  sandy  beds  were  laid 
down.  By  those  holding  this  view  it  is  considered  impossible  on  any 
other  grounds  to  account  for  the  existence  of  vertical  tree  trunks 
with  their  roots  branching  in  the  soil  in  which  they  evidently  lived. 
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A  succession  of  sixty-eight  such  forest  growths  has  been  described 
by  Dawson  in  the  Carboniferous  strata  of  Nova  Scotia. 

By  those  holding  the  view  that  coal  seams  have  been  formed  from 
vegetable  debris  derived  from  the  adjacent  land,  no  other  explanation 
is  considered  possible  for  the  stratified  character  of  so  many  coals, 
with  their  shale  and  clay  partings.  The  gradual  change  at  times  of 
coal  beds  laterally  into  shaly  and  even  sandy  deposits  is  also  con- 
sidered evidence  of  their  origin  in  this  way.  Furthermore,  the  very 
homogeneous  and  almost  structureless  character  of  many  coals  is 
cited,  and  the  fact  that  the  calcium  sulphate  of  sea-water  could 
readily  reduce  vegetable  debris  to  a  pulp-like  mass  destroying  all 
plant  structure.  The  existence  also  at  times  of  marine  organisms  in 
deposits  interstratified  with  the  coal  beds  is  likewise  introduced  to 
support  the  interpretation  that  the  coal  was  formed  in  such  cases  in 
waters  open  to  the  sea  and  in  a  manner  similar  to  other  sediments. 

In  the  light  of  this  more  or  less  conflicting  evidence  it  seems  more 
than  probable  that  both  processes  have  been  in  operation  and  that 
some  coal  beds  have  been  formed  in  situ  as  first  described,  while 
others  have  accumulated  in  shallow  waters  like  other  sediments. 
Only  in  this  way  can  all  the  phenomena  be  satisfactorily  explained. 

Many  suggestions  have  been  made  regarding  the  climate  during 
the  period  of  formation  of  such  extensive  deposits  of  vegetable  debris 
as  characterize  the  Carboniferous  and'  Cretaceous  periods.  Some 
have  advanced  the  view  that  the  amount  of  carbon  dioxide  in  the 
atmosphere  must  have  been  far  greater  than  at  the  present  time.  It 
is  quite  possible  that  there  has  been  a  diminution  of  this  gas  in  the 
atmosphere  in  later  geological  periods  but  it  seems  hardly  probable 
that  the  amount  at  the  close  of  the  Paleozoic  could  have  been  greatly 
in  excess  of  that  now  prevailing  since  even  in  the  Carboniferous 
period  there  were  numerous  air-breathing  animals  such  as  the  laby- 
rinthodonts  and  the  insects  which  could  hardly  have  existed  in  an 
atmosphere  very  different  from  that  of  the  present  day. 

The  suggestion  that  the  climate  must  have  been  much  warmer  to 
account  for  such  a  luxuriant  growth  of  coal-producing  plants  is  like- 
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dse  difficult  of  acceptance  when  there  is  the  best  of  evidence  of  the 
ixistence  of  glaciers  in  Carboniferous  time  even  within  the  limits  of 
he  present  tropical  zone.  It  seems  probable,  however,  that  the  cli- 
oate  was  in  general  moist  since  the  flora  of  the  period  spread  widely 
•ver  the  land  areas  of  the  globe,  extending  even  into  arctic  latitudes. 

The  enormous  thickness  of  the  accumulation  of  vegetable  debris 
nay  be  appreciated  when  it  is  known  that  not  less  than  seven  feet  of 
dosely  compacted  vegetable  debris  is  necessary  to  produce  a  foot  of 
)ituminous  coal,  and  that  ten  feet  of  similar  material  is  required  to 
produce  one  foot  of  anthracite  coal.  The  great  Mammoth  seam  of 
he  anthracite  region  of  Pennsylvania  which  frequently  has  a  thick- 
less  of  30  feet  would  thus  require  300  feet  of  closely  compacted  vege- 
able  debris  for  its  formation. 

Reference  has  been  made  above  to  the  deposits  associated  with  coal 
«ds.  In  every  region  a  certain  definite  association  has  been  com- 
aonly  found  to  occur,  although  exceptions  to  the  rule  are  not  inf re- 
uent.  In  general  the  coal  deposit  rests  upon  a  bed  of  clay 
T^hich  on  account  of  the  low  percentage  of  the  alkalies  has  an  im- 
K)rtant  economic  value  as  a  fire-clay.  Overlying  the  coal  there  is 
ommonly  a  dark,  more  or  less  bituminous,  shale,  which  in  turn  may 
\o  succeeded  either  by  a  lighter  colored  shale  or  sandstone.  The 
mderlying  bed  is  the  soil  upon  which  the  coal  flora  grew  and  from 
vhich  the  alkalies  were  extracted  by  the  growing  plants  while  the 
)verlying  beds  are  the  materials  which  under  varying  conditions 
^ere  deposited  upon  and  preserved  the  accumulated  vegetable  debris, 
less  frequently  limestones  and  dolomites  are  found  associated  with 
be  other  deposits,  depending  upon  whether  the  area  became  depressed 
officiently  to  produce  open  waters,  with  little  or  no  transportation  of 
auddy  and  sandy  sediments. 

Geological  Age  of  Coal. 

Coal  deposits  of  economic  value  have  been  foimd  at  all  geological 
borizons  from  the  Devonian  to  the  Recent.  The  most  important 
beds  are  of  Carboniferous,  Triassic,  Cretaceous,  and  Tertiary  age. 
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Among  these  the  Carboniferous  coals  have  been  much  more  exten- 
sively developed  than  those  of  later  date.  The  most  important  coal 
deposits  of  central  and  eastern  Korth  America,  of  Europe,  and  of  Aus- 
tralia are  of  Carboniferous  age.  To  this  horizon  belong  all  of  the 
Marvland  coals. 

DlSTRIIiUTIOX    AND    PkODUCTION    OF    CoAL. 

('oal  is  found  on  every  continent.  The  chief  sources  of  coal  at 
the  present  day  are  in  central  and  eastern  North  America,  in  the 
United  States  and  Nova  Scotia ;  in  central  and  southern  continental 
Europe  and  England ;  in  eastern  Australia ;  and  in  eastern  and  south- 
ern Asia,  in  Japan  and  India.  Coal  is  also  knowTi  to  occur  in  South 
America  and  Africa.  Its  extent  even  in  the  countries  where  it  has 
been  most  extensively  (leveloix?d  is  not  fully  established  and  the 
known  areas  of  its  distribution  are  l)eing  yearly  extended  as  the  in- 
dustrial demands  increase. 

The  following  table '  shows  the  total  amount  of  coal  produced  in 
the  various  countries  of  the  glolie  from  the  latest  statistical  returns. 

The  production  by  the  United  States  as  shown  by  this  table  is 
somewhat  more  than  one-third  of  the  entire  coal  output  of  the  world 
and  now  exceeds  that  of  Great  Britain,  which  it  for  the  first  time 
surpassed  in  1899.  Since  that  year  the  United  States  has  main- 
tained a  steady  increase  in  production  over  that  of  Great  Britain. 
After  1877  the  United  States  permanently  displaced  Germany,  which 
in  that  year  had  a  somewhat  larger  output  than  this  country.  In 
1880  the  percentage  of  Great  Britain  was  2.3  times  that  of  the  United 
States  and  in  1890  1.4  times.  During  the  last  35  years  the  coal 
production  of  the  United  States  has  increased  852%  while  that  of 
Great  Britain  has  increased  only  120%,  and  Germany  218%. 

*  This  table  was  compiled  by  the  U.  S.  Geological  Survey  from  the  latest 
records. 
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dian  along  the  Pacific  coast.  The  relative  importance  of  these  areas 
at  the  present  time  may  be  judged  from  the  production  of  coal  in 
1903.  In  that  year  the  production  of  the  Carboniferous  coals 
amounted  to  262,270,236  tons,  of  Triassic  coals  to  35,393  tons,  of 
Cretaceous  coals  to  17,053,790  tons,  and  of  Tertiary  coals  to  3,389,- 
837  tons.  This  production  does  not,  however,  coincide  with  the  ex- 
tent of  known  coal-bearing  formations  in  the  several  areas  as  will  be 
seen  from  the  following  figures :  the  total  Carboniferous  areas  have 
been  estimated  by  the  U.  S.  Geological  Survey  to  amount  to  234,667 
square  miles,  of  Triassic  to  1070  square  miles,  of  Cretaceous  to  143,- 
720  (including  lignite  100,110),  and  Tertiary  to  1050  square  miles. 
In  this  estimate  the  areas  of  lignite  coal  of  Tertiary  age  are  not  in- 
eluded.  They  are  estimated  to  cover  approximately  56,500  square 
miles  along  the  Gulf  border  in  Alabama,  Mississippi,  Louisiana, 
Arkansas,  and  Texas,  but  they  have  small  economic  value  at  the 
present  time.  All  of  these  figures  are  regarded  as  only  approximate 
since  areas  now  considered  as  unproductive  may,  under  different  con- 
ditions, come  to  have  conmiercial  value.  For  example,  many  of  the 
deep-lying  coals  are  not  included  in  the  above  estimate. 

The  Production  of  Coal  in  the  United  States  in  1903. 

Carbonikerols  Coals.  Arealn        Prodtwtion 

8q.  miles.       short  tons. 
Anthracite. 

Anthracite  field,  Pennsylvania 484  74,607,068 

Bituminous  and  Semi-bituininoua. 
Northern  Appalachian  field: 

Pennsylvania   15,800  103.117,176 

Ohio    12.000  24.838.103 

Maryland 510  4.846.165 

Virginia  1,850  3.433.233 

West  Virginia 17.280  29,337,241 

Eastern  Kentucky    10.300  3.158.972 

57.740         168.730.890 

Southern  Appalachian  field : 

Tennessee   4,400  4,798.004 

Georgia    167  416,951 

Alabama    8.500  11,654,324 

13,067         1lM69,'279 
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'ok  Production  of  Coal  in  the  United  States  in  1903.  —  Continued. 

CAKBONIFKROCfl    COALS.                                                           Altsa  III  jjj 

sq.  mllos.  ghort  tons. 
tionx  (lud  Semi-ftifumiuoHX. 

jrlhern  Interior  field: 

Michigan  11,300  1,367,619 

fntral  Interior  field: 

Indiana    9,300  10,794,692 

Western  Kentucky  5,800  4,379,060 

Illinois 42.900  36,957,104 

58,000  52,130.856 

estern  Interior  field: 

Iowa  20.000  6,419,811 

Missouri 23,000  4,238,586 

Nebraska  3,200         

Kansas  20,000  5,839,976 

Arkansas   1,728  2,229.172 

Indian  Territory 14.848  3,517,388 

Texas   11.300  926,759 

94.076  23,171.692 

Triassic  Coals. 

c  Coast  field : 

^wninous,  etc. 

Virginia 270  18.084 

North  Carolina  800  17.309 

1,070  35.393 

Cretaceous  Coals. 
Mountain  field : 

^thracite. 

Colorado  and  New  Mexico 16  72.731 

•tuminotis,  lignite,  etc. 

North  Dakota 28,620  278.645 

Montana    32.000  1,488.810 

Wyoming    16.500  4,635,293 

Utah    2.000  1,681,409 

Colorado    18,100  7.381.463 

New  Mexico   2.890  1.511.189 

Idaho    4,250 

Nevada  

100,110  16,981,059 
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Thb  Pboduction  of  Coal  in  the  United  States  in  \90S.—  Contintied. 

Tebtiaky  Coals.  Area  m  j 

aq.  miles.        ^^^  ^^ 

Pacific  Coast  fields: 

Bituminous,  etc. 

Washington 450  3,193,273 

Oregon  320  91.144 

California   280  104,673 

Alaska   747 

1,060  3,389,837 

Total  production  including  colliery  consumption 357,356,416 

Still  other  factors  than  their  areal  extent  have  to  be  considered  iu 
determining  the  importance  of  coal  deposits.  Among  these  may  be 
mentioned  the  proximity  of  the  coal  to  market  and  the  ease  with 
which  it  can  be  transported.  The  quality  of  the  coal  is  also  an  im- 
portant matter,  as  well  as  the  cost  of  mining,  the  latter  depending 
upon  the  character  of  the  coal,  its  attitude  and  position,  the  thick- 
ness of  the  seam,  and  the  number  of  beds  which  can  be  reached  by 
the  same  operation. 

The  Appalachian  Coal  Field. 

The  Appalachian  coal  field,  which  includes  the  Maryland  coal 
deposits,  extends  from  northern  Pennsylvania  to  central  Alabama,  a 
distance  of  about  800  miles.  It  embraces  parts  of  the  states  of  Penn- 
sylvania, Ohio,  West  Virginia,  Maryland,  Virginia,  Kentucky,  Ten- 
nessee, Georgia,  and  Alabama.  Excluding  the  Carboniferous  anthra- 
cite field  of  eastern  Pennsylvania,  which  is  estimated  to  contain  a 
productive  area  of  484  square  miles,  the  Appalachian  field  proper 
embraces  70,807  square  miles,  75  per  cent  of  which  is  regarded  as 
])roductive.  The  Appalachian  coal  field  is  over  175  miles  in  width 
in  the  north,  gradually  narrowing  southward  until  it  is  less  than  20 
miles  wide  in  Tennessee,  beyond  w^hich  it  again  expands  to  a  width 
of  over  75  miles  in  Alabama. 

The  total  output  of  the  Appalachian  field  in  1903  amounted  to 
185,600,119  tons  of  coal,  the  adjoining  anthracite  field  during  the 
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s&me  year  producing  in  addition  74,607,068  tons.*  The  relation  of 
^liis  eastern  field  to  the  great  interior  Carboniferous  fields  which 
<3over  more  than  twice  the  area  may  be  seen  by  the  fact  that  the  pro- 
duction in  the  latter  region  in  the  same  year  amounted  to  only  76,- 
C70,167  tons. 

The  Appalachian  coal  field  is  by  far  the  most  important  of  the 
^oal  fields  of  the  United  States.     Not  only  is  its  production  greater 
tian  that  of  any  other  area,  but  its  location  renders  it  much  more 
Available  to  the  great  eastern  industrial  markets.     It  has  many 
Hx>rkable  beds  and  on  account  of  the  demand  for  the  coal  these  have 
been  much  more  highly  developed  and  their  areal  extent  much  more 
definitely  determined  than  in  any  of  the  other  districts,  with  the  ex- 
ception of  the  adjoining  anthracite  field,  which,  although  separated 
tjo-day  and  containing  coal  of  so  different  a  character,  is  yet  geolog- 
ically part  of  the  same  great  basin. 

The  Appalachian  field  presents  certain  ^neral  structural  features 

'that  bear  a  direct  relationship  to  the  character  of  the  coals.     Along 

the  eastern  margin  the  rocks  are  frequently  considerably  folded,  the 

coal  lying  in  long  synclinal  troughs  that  are  parallel  to  the  general 

stracture  of  the  Appalachian  belt,  while  to  the  westward  these  folds 

gradually  flatten  out  until  along  the  western  margin  of  the  field  the 

Ijeds  lie  nearly  horizontal.     As  a  result  of  this  increased  folding  east- 

H^ard  the  coals  have  become  metamorphosed  through  heat  and  pres- 

^re  after  they  were  buried  and  contain  a  gradually  higher  percentage 

of  fixed  carbon  with  a  correspondingly  less  amount  of  volatile  carbon. 

Ilie  coals  in  consequence  change  gradually  from  the  soft  bituminous 

"Varieties  to  the  semi-bituminous  and  these  in  turn  to  hard  anthracites 

in  the  highly  folded  basins  of  Pennsylvania  and  Virginia  to  the  east 

T>f  the  main  Appalachian  belt.'     In  general  the  coal  deposits  are 

thickest  along  the  eastern  margin  of  the  field  and  gradually  thin  west- 

'The  output  was  reduced  during  1902  on  account  of  the  anthracite  coal 
strike.    It  was  67,471,667  tons  in  1901.  and  only  41.373,595  in  1902. 

'Professor  J.  J.  Stevenson  claims  that  anthracite  coal  is  produced  not  by 
metamorphism,  but  by  the  longer  exposure  of  this  coal  to  the  action  of  per- 
colating water  before  final  burial  and  consolidation  of  the  rocks,  whereby  the 
volatile  constituents  were  removed. 
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ward.  Many  of  the  coal  beds  can  be  traced  continuously  over  thou- 
sands of  square  miles,  while  others  have  only  a  local  development 
It  is,  therefore,  necessary  to  observe  care  in  establishing  correlations 
of  the  beds  in  distant  and  disconnected  areas,  although  the  fossils  fre- 
quently prove  sufficiently  characteristic  to  determine  the  various 
horizons. 

The  northern  Appalachian  field,  on  account  of  its  proximity  to  the 
great  centers  of  consumption,  has  up  to  the  present  time  been  much 
more  extensively  developed  than  the  southern  field.  Its  production  ir 
1903  was  168,730,890  tons  as  against  10,869,279  tons  in  the  southerr 
field.  Notwithstanding  the  extensive  development  of  the  northerr 
field  there  are  still  considerable  areas  distant  from  the  lines  of  trans 
portation  that  have  not  yet  been  fully  explored.  Further  study  ij 
constantly  bringing  to  light  new  regions,  and  railroads  are  being  ex 
tended  into  these  new  districts. 

The  accompanying  map  /Plate  XV)  shows  the  areal  extent  of  th( 
northern  field  together  with  the  important  lines  of  transportatior 
which  enter  it.  Both  the  upper  and  lower  coals  are  represented.  The 
lower  coals  pass  beneath  the  area  of  the  upper  beds  and  thus  occupj 
the  entire  coal  district.  This  northern  field  covers  an  area  of  57,741 
square  miles,  and  has  developed  with  marvelous  rapidity  as  will  \k 
seen  by  comparing  its  total  output  during  the  decades  from  1850  on 

Table  Showing  Production  of  Coal  in  Nobthebn  Appalachian  Field. 

1850 1.882,517  1890 66,293.15: 

1860 4,730.546  1900 130,078,81^ 

1870 13,712,856  1902 158,123,24( 

1880 32,869,211  1903 168,730,891 

In  1870  the  output  of  the  anthracite  field  exceeded  that  of  the 
northern  Appalachian  bituminous  field  by  nearly  3,000,000  tons, 
but  in  1880  the  bituminous  field  had  surpassed  the  anthracite  bj 
somewhat  over  4,000,000  tons,  and  since  that  date  the  difference 
between  them  has  steadily  been  growing  greater  until  the  bituminous 
field  at  the  present  time  produces  more  than  twice  th^  tonnage  oi 
the  anthracite  field.  This  disparity  will  unquestionably  be  still 
more  marked  as  time  goes  on. 
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ClIABACTER   OF   COAL  AlH)  ItS  TTsES. 

The  fuel  constituents  of  coal  consist  primarily  of  the  fixed  or  non- 
volatile carbon  and  the  volatile  hydrocarbons.    The  other  constituents 
may  be  classed  as  ash  and  water,  the  fonner  consisting  of  non-car- 
bciiaecous  matter  which  was  deposited  in  the  bed  of  vegetable  debris, 
and  therefore  partakes  of  the  character  of  the  sedimentary  deposit  of 
the  period.    To  this  is  added  whatever  was  subsequently  brought  in 
by    percolating   waters.      AVhen    not   present   in   sufiiciently    large 
amounts  to  seriously  retard  combustion  its  influence  is  for  the  most 
part  purely  negative  although  it  may  at  times  contain  fusible  con- 
stituents that  may  prove  of  positive  harm  by  forming  clinkers  on 
tlio  grate  bars.     The  percentage  of  ash  in  commercial  coals  varies 
from  1  to  15  per  cent  in  the  best  coals,  the  amount  generally  varying 
between  2  and  S  per  cent.     One  of  the  most  serious  constituents  of 
the  ash  is  sulphur  which  on  combustion  readily  corrodes  the  surfaces 
of  iron  with  which  it  comes  in  contact.     The  percentage  of  sulphur 
varies  in  most  commercial  coals  from  a  fraction  of  1  to  4  per  cent, 
although  it  generally  becomes  a  serious  injury  to  the  coal  for  most 
purposes  when  it  exceeds  1  per  cent.     Another  injurious  constituent 
is    phosphorus.     Both    sulphur    and    phosphorus    are    particularly 
harmful  in  coal  used  for  metallurgical  purposes. 

Water  is  also  injurious  when  present  in  large  amounts,  since  it 
reduces  the  fuel  value  of  coal.  The  amoimt  of  water  varies  from  less 
than  1  per  cent  in  anthracite  to  as  much  as  25  per  cent  in  lignite. 
In  most  high-grade  steam  coals  such  as  are  found  along  the  eastern 
margin  of  the  Appalachian  coal  field  the  amount  of  moisture  gen- 
erally varies  from  a  fraction  of  1  to  3  per  cent. 

The  relative  proportion  of  fixed  carbon  and  volatila  combustible 
material  varies  greatly  in  different  coals.  In  graphite  and  the  graph- 
itic anthracite  all  or  nearly  all  of  the  volatile  hydrocarbons  have 
been  driven  oft*  and  the  carbon  present  is  practically  all  in  the  form 
of  fixed  carbon.  In  anthracite  coal  the  fixed  carbon  generally  varies 
from  80  to  88  per  cent  with  an  average  of  about  85  per  cent,  which 
on  the  basis  of  the  percentage  of  fuel  constituents  would  give  about 
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95  per  cent.  The  volatile  matter  varies  commonly  from  3  to  8  per 
cent  with  an  average  of  4  to  6  per  cent,  which  similarly  reduced 
would  give  on  the  basis  of  the  percentage  of  fuel  constituents  about 
5  per  cent.  In  the  case  of  the  semi-bituminous  coals  the  percentage 
of  the  fixed  carbon  varies  from  05  to  80  per  cent,  the  best  coals  com- 
monly running  from  70  to  76  per  cent.  The  proportion  of  volatile 
matter  varies  from  14  to  26  per  cent,  the  best  coals  generally  showing 
an  average  of  from  15  to  20  per  cent.  In  the  case  of  the  bituminous 
coals  the  percentage  of  fixed  carbon  varies  from  45  to  70  per  cent 
and  the  volatile  hydrocarbons  from  25  to  45  per  cent,  the  various 
seams  in  the  same  district  differing  oftentimes  materially  in  their 
different  parts  and  even  the  same  seam  may  change  its  character  in 
passing  from  one  district  to  another. 

The  result  obtained  by  dividing  the  percentage  of  fixed  by  the 
percentage  of  volatile  carbon  is  known  as  the  fuel  ratio  and  in  gen- 
eral the  calorific  or  heat-producing  value  increases  with  the  increase 
of  this  ratio,  since  the  combustion  of  fixed  carbon  produces  a  larger 
amoimt  of  heat  than  the  combustion  of  the  volatile  carbons.  When 
the  amount  of  volatile  carbon  constituents  becomes  so  small  tliat 
combustion  is  difficult  the  fuel  ratio  no  longer  expresses  the  real 
fuel  value.  This  is  the  case  in  certain  graphitic  anthracites  as  well 
as  of  graphite  itself,  neither  of  which  can  be  regarded  as  a  fuel.  The 
fuel  ratios  of  anthracite  coal  range  from  5  to  28,  the  great  majority 
affording  from  10  to  20,  the  average  being  not  far  from  15.  Within 
the  semi-bituminous  belt  along  the  northeastern  margin  of  the  Ap- 
palachian field  the  fuel  ratios  vary  generally  from  3  and  5  while 
throughout  the  remainder  of  the  district  the  fuel  ratios  range  from 
1  to  3  although  there  are  many  exceptions  to  this  general  statement. 

Coal  is  used  for  a  great  variety  of  purposes,  among  the  more  im- 
portant coals  being  domestic  coals,  steam  coals,  gas  coals,  metal- 
hirgical  coals,  and  smithing  coals.  The  kind  of  coal  used  for  a  par- 
ticular purpose  depends  to  a  considerable  extent  on  the  proximity  of 
the  fuel  of  a  particular  quality,  although  for  special  purposes  the 
particular  type  of  coal  desired  may  be  transported  to  great  distances. 
For  example,  anthracite  coal  is  coming  to  be  more  and  more  largely 
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employed  exclusively  for  domestic  purposes  throughout  the  eastern 
and  northern  states  along  the  seaboard  and  adjacent  to  the  Great 
Lakes,  while  bituminous  coal  is  largely  used  for  the  same  purposes 
in  other  sections  of  the  country.  Again,  the  semi-bituminous  coals 
are  greatly  prized  for  steam-producing  purposes  along  the  eastern 
seaboard  while  the  softer  bituminous  coals  serve  the  same  purpose  to 
the  west  of  the  Alleghany  mountains.  On  the  other  hand,  the  smith- 
ing requirements  are  such  that  the  better  grades  of  semi-bituminous 
coals  are  shipped  from  the  northeastern  Appalachian  field  to  all  sec- 
tions of  the  country  for  that  purpose,  going  even  to  the  Pacific  coast. 
In  general  the  bituminous  coals  with  their  high  percentage  of  vola- 
tile hydrocarbon  are  best  adapted  to  gas-making.  Furthermore,  cer- 
tain characters  for  the  most  part  unrelated  to  the  chemical  composi- 
tion of  the  coal  determines  its  value  for  coking  purposes.  Most 
coking  coals  have  a  fuel  ratio  of  between  1  and  2J.  Coals 
relatively  low  in  ash  and  sulphur,  however,  are  best  adapted  for 
coke-making. 

There  are  several  varieties  of  coal  in  the  A])palachian  bituminous 
field  in  addition  to  those  which  are  designated  as  semi-bituminous 
and  bituminous  coals.  Among  the  bituminous  coals  are  special  kinds 
known  as  splint,  cannel,  and  block  coals  whose  characters  are  de- 
pendent on  textural  features,  in  part  produced  by  the  conditions 
under  which  they  were  originally  deposited  and  in  part  by  the  struc- 
tural changes  which  have  since  taken  place  in  the  beds  themselves. 
The  block  coals,  for  example,  show  a  tendency  to  break  up  into  more 
or  less  cubical  blocks.  The  cannel  coals  are  very  homogeneous  in 
texture,  contain  a  large  amount  of  volatile  matter,  and  are  described 
by  Newberry  as  having  been  formed  in  lagoons  by  the  accumulation  of 
fine  carbonaceous  mud  which  had  its  origin  in  completely  macerated 
vegetable  tissue.  An  interesting  feature  in  the  constitution  of  some 
coal  beds  is  that  one  varietv  of  coal  mav  exist  above,  another  below 
a  parting  within  the  same  seam,  or  on  the  other  hand,  a  special  va- 
riety of  coal  may  appear  in  one  part  of  the  seam  in  one  district  while 
another  variety  may  be  present  at  the  same  horizon  in  an  adjacent 
region. 
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Stratigraphy  of  the  Maryland  Coal  Measures. 

introductory. 

The  rocka  which  form  the  surface  of  the  Maryland  coal  district 
are  entirely  of  the  class  known  as  sedimentary  or  clastic — that  is, 
they  represent  deposits  of  material  derived  from  the  destruction  of 
older  rocks  and  laid  doAvn  bv  movin^;  water.  The  details  of  this 
process  will  be  described  more  fully  in  the  chapter  dealing  with  the 
geological  history  of  the  region. 

These  rocks,  like  all  rocks  of  sedimentary  origin,  are  stratified — 
that  is,  they  consist  of  distinct,  superimposed  beds  which  differ  from 
each  other  in  composition,  texture,  and  appearance.  Some  consist 
of  pebbles  cemented  together,  and  are  known  as  conglomerate;  some 
consist  of  small  grains  of  quartz  sand  and  are  known  as  sandstone; 
some  consist  of  clay  with  more  or  less  fine  sand,  and  are  known  as 
shale  *  or  sandy  shale  or  fire-clay;  some  consist  of  lime  with  varying 
amounts  of  the  shells  of  former  animals  and  clay,  and  are  known  as 

^The  rock  known  as  slate  in  this  region  is  not  a  true  slate  but  a  shale, 
A  true  slate  differs  from  a  shale  in  mineralogical  composition  and  in  texture; 
it  usually  has  a  more  glossy  surface,  is  harder,  splits  into  large  thin  sheets 
suitable  for  roofing,  and  does  not  break  into  small  irregular  fragments  or 
grind  up  into  a  fine  mud  or  clay  suitable  for  brick  making  as  shale  does. 
True  slate  never  occurs  with  hituminous  coal  as  shale  does,  but  is  found  in 
association  with  anthracite  coal  and  with  granite,  marble,  and  other  rocks 
which  are  foreign  to  this  region. 
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limestone;  some  consist  principally  of  carbonaceous  matter  of  vege- 
table origin,  and  are  known  as  coal.  All  of  the  above  mentioned 
rocks  are  firmly  consolidated  and  retain  their  form  and  individuality 
against  considerable  force.  Rocks  of  another  class  have  the  same 
composition  as  these  but  differ  from  them  in  being  unconsolidated 
and  hence  are  known  by  other  names.  An  unconsolidated  conglom- 
erate is  a  gravel;  an  unconsolidated  sandstone  is  a  sand;  an  uncon- 
solidated shale  is  a  loam  or  clay;  an  unconsolidated  limestone  is  a 
lime-sand  or  a  marl;  an  unconsolidated  coal  is  a  peat  or  lignite.  This 
latter  class  of  rocks  is  not  abundant  or  prominent  in  this  region,  but 
some  representatives  are  found  here,  and  all  are  very  abundant  and 
important  in  other  regions. 

These  various  types  of  rock  sometimes  grade  into  each  other  irregu- 
larly, but  generally  they  are  separated  from  each  other  sufficiently 
to  allow  of  their  recognition  and  of  the  representation  of  their  areas 
upon  a  map.  This  has  been  done  upon  the  maps  of  this  region  pub- 
lished with  the  reports  of  the  Survey  on  Allegany  and  Garrett  coun- 
ties. A  stratum  of  rock  or  a  series  of  strata  which  differs  enough 
from  those  adjoining  it  in  composition,  appearance,  or  age,  to  per- 
mit a  discussion  of  its  distribution  or  its  representation  upon  a  map 
is  called  a  formation,  and  each  formation  is  named  after  some  locality 
where  it  is  typically  developed  and  where  it  was  first  studied  and 
described. 

The  coal  beds  of  Maryland  are  contained  in  five  formations.  All 
formations  are  grouped  according  to  their  age  into  larger  divisions 
known  as  Systems,  Two  of  these  systems  are  represented  among  the 
coal-bearing  rocks  of  the  region,  and  the  representatives  of  several 
others  lie  deeply  buried  below  the  surface  formations.  The  whole 
sequence  of  strata  lie  not  in  horizontal  position,  but  folded  in  a  series 
of  alternating  basins  ('^  synclines ")  and  arches  ("anticlines"). 
These  folds  have  been  cut  into  by  the  action  of  streams  and  weather, 
so  that  in  various  parts  of  the  region  different  strata  are  exposed  at 
the  surface.  The  character  of  this  folding  will  be  described  into 
the  chapter  on  Structure. 
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S«li:  1  Inch  =  too  tect. 

Fio.  19. — Section  ahawlng  relatlTe  poaltlonB  of  prominent  beds  In  Maryland 
Coal  Measures. 
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The  r<.H:k9  v-biob  inchicle  the  Maryland  coal  beds  have  b 
ti^'u  :is  toiiows: 

Table  of  Coal-beabixo  Pmicatioss. 

I'^rmias   (Ti  Dunkard 

(     Peansylvanlan  fHononsal 


b'uv'li  ^'t'  tlie^  fonnatioiis  coiitnins  well  oharacterued 
liavo  iv<.virpil  local  names.  Tbose  nre  mentioned  in  tfaeiT 
ilu-  (li^'ussum  of  eacb  formation.  The  lietter  known  be< 
111  itu'ir  rotative  [.wsitiona  in  the  necompanying  illu8trati< 

THE  POTTSV1LJ.E  FO&MATIOIT. 

rbi-  j:n'ueral  character  of  the  formation  ia  well  shown  in  the  fol- 
ti'«inj;  sections,  which  show  the  character  and  the  full  thickness  of 
ilio  I'onuation.  It  consists  of  conglomerates,  sandstones,  shales,  fire- 
oLtvM,  »nd  txynla  which  aggregate  from  825  to  380  feet  in  thi«1ki»^M 
ni\\\  a  <<i>mparison  of  the  different  sections,  combined  with  a  stadjtf 
tli\'ir  }?H>graphieal  diRtribiition,  shows  an  increase  in  thicknen  of  H 
t\-ruit)litiii  from  northwest  to  southeast.  The  formation,  u  foi 
\l:irvhuKl.  is  marked  by  the  development  of  four  sandsttme  n 
.>iu<  ui'itr  the  base,  two  in  the  center,  and  one  at  the  top,  b 
My  ^tiryinj;  thicknesses  of  shale  and  fire-cloy  and  usually  four  r 
iii'iii;iiiticiint  coal  seams.  The  Sharon  coal  when  present  lies  ■ 
itit<  lowo'tt  sandstone,  the  Qiiakortown  coal  between  the  two  eo^libf'- 
.iii>l-'t»iii's,  and  the  ^Icrt-or  coals  near  the  base  of  the  Jiitiii  ml  liiilmijif 
itit>-H>  Ntiiiditones  and  the  ITomewnod  sandstone  at  the  top.  "HieiD^ 
\  ;itn»bli'  dopopit.s  (if  firc-cliiy  arc  nsually  associated  with  these  Memr 
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I.^UIWEK  SHARON  COAL  AND  SANDSTONE,  NEAB  WESTER NFORT,  ALLEGANY  C 


;.   2.— UPPER   CONNOQL'ENEBSrNC   SANDSTONE,   SWALLOW   FALLS,  GANtETT  COUNTy. 
VIEWS  OF  POTTSVILLE  FORMATION. 
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TION   OF  THE  POTTaVll.LE  FORMATION,  O.NE-HAI.F   MitB  EABT  OF    WESTER NI-ORT, 

Alleoant  Countt. 

Allefchcny  ihiles  

Mwlve  DiMbtoM,  Homewood  £S  ((. 

Cu«l.  Ml.  Sartge  or  Upper  Mcmr  2  ft.  s  In. 

«1»1.  but  with  abundiint  (ng:- 

Ooncnlei]  w  ft. 


Dark  grajr  ihAle 
CoDcctled 

Dirk  gny  dude 

Snnd  stone 

Conmled 


Cotl,  Lower  Sharoi 


*  For  details  see  subsequent  discussion. 
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Pabtial  Section  of  Pottbvillx  Fobk&tioii,  Swaixow  Faixs,  Qasbxtt  Coq.^tt. 

Uudvc  Biiditon,  HcmcWDod  SO  ft. 


Flre-iHj-.  Muunt      J     Flint  flre-clBy  I 
ChI,  UouDt  Stnge  oc  Upper  Msch 


i  aio. 


Eiitic  MDdMone, 


THE  ALLEGHENY  I'OHIIATION. 

The  .iilleglieny  formation  overlies  tlie  Pottsville  with  ai)pareiit 
conforuiability.  It  consists  of  sandstones,  shales,  limestones,  and 
coal  seams  aggregating  in  Maryland  a  thickness  of  from  260  to  350 
feet.  The  thickness  increases  southeastward  as  was  also  noted  in  the 
Pottsville  fonnation.  The  Alleglieny  formation  is  more  shaly  than 
the  Pottsville  and  its  sandstones  are  usually  less  prominent  than  those 


'  This  [a  not  tbe  normal  position  for  tbe  "  Mount  Savage  "  flre-cla]',  wbich  1b 
usually  found  beneath,  not  above,  the  Mount  Savage  coal. 
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le  underlying  formation.  It  may  be  thought  of  as  extending 
a  few  feet  below  the  heavy  Clarion  sandstone  near  its  base  to  the 
of  the  equally  prominent  Mahoning  sandstone  which  marks  the 
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d  cong]om«rale 
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County. 


s  Blaine,  Gabbett 


c«i. 

(Flint  flre-clnT. 
<    I  Pliitic  Bn-cU 


'  MDditonc.    U 


ming  of  the  next  overlying  formation.  Between  the  Clarion 
the  Homewood  sandstones  are  shales  and  the  Brookville  and 
ion  coal  seams.     About  50  feet  above  tlie  sandstone  is  the  per- 
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si^tent  Kittanning  or  Davis  coal  seam  with  the  impure  "  Split-six  " 
below  and  the  less  valuable  Upper  Kittanning  seam  above.  Below 
the  Mahoning  sandstone  of  the  overlying  Conemaugh  formation  are 
the  Freeport  coals.  The  following  sections  show  the  general  character 
of  tlie  formation : 


Coal.  Upper  fresport 
SandrtoBe  with  itnak*  of  ihale 


BUFk  ahnle,  landy  ihale.  and  uniMone 
Black  ahalc 

n  (L  S4  In. 
S  ft  IH  in!.  !  fl.  S  in. 
S  ri.  54  In. 

.„».« 

II   Dlii 

ShalP 

KoiiKh  t.,al  and  ihate  ("  Split->ii  "1 

Shale    bone    and  ahal 

19  ft.  Hi  in. 
r.'t.\\\\nd.,t.. 
12  ft.  ai4  in. 

in. 

11    d  flinty  landK  n 
Sandit 

T  ft  4H  in. 

Cial    ClarTn 
Hnm  wood  aandit  n      el 

1 !:  JlJ*in^- 
1   I.'  eH"in. 

a  t!  GU  in. 

1  I.  t3  m. 

Another  bore-hole  (Kc  T-)  about  three  miles  from  this  ga\c  the 
following  section  of  the  iipjwr  pnrt  of  the  Allegheny  formation: 
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lAL  SECTIOK  of  ALLKUIIENY   POBUATIO.I,   BORE-HOLB  No,   5,   Onb   akd  One- 

HALT  Mii£8  N.  W.  or  Batabu,  GABBnT  County. 


lUrd  duk  «nda«OB> 
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II   ihe  east  side  of  the  Potomac  at  Harriaon  is  the  followiug 
''■'  -      Section  of  Allegheny  P^aMATinv  at  Habriso.v.  W.  Va. 

CmJ,  Upper  Freeport  5  ft.  «  in. 


HaHlTe  uodilon^.  Cliiion 
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»ulc 

■nd  blii-k  ifatle 


!n.SlB.,  Sin.,  todllLBlB. 


Shat".  lunl.  Murk  ihilc.  and  ihale  S  ft.  1  In.,  t  ft.  4  In 

Ilunl.  ltn[.iire  Arc  I' Lay  «  tl.  1  In. 

s..tt  fln-clav 


ToUI.  aoa  ft.  10  Id. 

'  This  section  extends  from  a  depth  of  193  feet  to  4G1  feet    The  record  of 
the  overlying  beds  is  given  on  p.  2&.t. 
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FlC    2. — LOWER   KITTANNING  COAL  AND  SANDSTONE.    NEAR   B 
VIEWS  OF  ALLEGHENY  FORMATION. 
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THE    CONEMAUnH    FOBMATION. 


oemaugh  formation  consists  of  about  600  feet  of  sandstone, 

(glomerate,   limestone,   Qre-claj,   and  coal  of  considerable 

of  occurrence.     It  is  usually  possible  to  recognize  fivo 

i  in  the  Conemaugh  formation;  the  Mahoning  sandstone. 

C   or  COHEUAUOH   FOSUATION   AT   Babton.   Allesart   Couktt.' 


ed,  (hilc  toward  Ibe  bi» 


undilona 
«  CUrkibuiK 


18  II.  S  ill 
i  It. 
H  It.  0  ill 


udatolK,  Lower  33  tt.  fl  In. 

Oonl.  llpptr  Sole:  1  Inch  -  100  f««l. 

ictlon  from  the  Pittsburg  to  the  B&kerstown  was  measured  at 
tane,  while  the  remainder  was  obtained  from  the  American  Coal 
ole  at  Barton. 
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which  is  often  divided  into  two  members  by  the  presence  of  limestone 
or  coal,  lies  at  the  base ;  the  Buffalo  sandstone  separated  from  it  by 
intervening  shales,  limestone,  and  Brush  Creek  coal;  the  Saltsburg 
sandstone  about  a  himdred  feet  higher  up  just  above  the  Bakerstovsn 
coal ;  the  rather  conglomeritic  Morgantown  sandstone  about  the  same 
distance  above  the  Saltsburg  sandstone;  and  the  Connellsville  sand- 
stone some  twenty-five  feet  above  that     Between  the  Buffalo  and 
Saltsburg  sandstones  are  red  and  green  shales  with  inter-bedded  lime- 
stone and  coals;  between  the  Saltsburg  and  Morgantown  sandstones 
are  the  Maynadier,  Friendsville,  and  Ames  coals,  when  developed, 
inter-bedded  with  shales  carrying  the  Lonaconing  and  Franklin  or 
"  Dirty-nine  "  coals  and  occasionally  limestone.    Above  the  Connells- 
ville sandstone  is  an  interval  of  about  100  feet  below  the  Pittsburg 
seam  occupied  by  shales  and  carrying  the  Little  Pittsburg  coals.     The 
following  sections  are  typical  of  the  formation: 

Section  or  Conemaugh  Formation  near  Blaine,  Garrett  County.* 

Coal,  Pittsburg 


Concealed 
Sandstone 


.■«%«u^%/i/iii  c-:>i 


180  i-  ft. 
8  ft. 


Conceale<l 


Sandstone 


Concealed 


Sandy  shales 
Coal,  Bakerstown 

Concealed 

Shale 
Coal 

Concealed 

Black  shales 
F<-»ssiliferous   disinteiirated   limestone. 

Lower  Cambrldsri* 

Black  shales 

Coal,  Bnish  Creek 


108  ft. 


Ctincealed 


2  ft. 


00  ft. 


4  ft. 
2  ft. 

26  ft. 

«  ft. 

2  ft.  1  jn. 

36  ft. 

10  ft 
8  in. 

8  ft. 

1  ft.  0  in. 


110  ft. 


■jnwaaawflw 


7  ft. 
5  ft. 


FlacffA'  sandstone 

Sandy  shales 

Coal,  Upper  Freeport 

Total,  571  ±  ft.  6  in. 

^The  upper  five  measurements  were  made  on  the  hUlslde  below  (W.  o 
Elkgarden;  the  remainder,  one  mile  north  of  Blaine. 
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OF  Ck)NEMAUOH  FORMATION    IN    CaSTLEMAN   VaLLEY,   QARKETr  CJOUNl  Y.' 

ble  position  of  Pittsburg  coal 
Stnta  eroded  to  top  of  hill 

[I]  Shale 
Ssndstone 


•nH-M*WUMtft'>»«  I 


Shale 

Coal 
Shale 

Concealed 

Yellow  shale 

Concealed 

Sandy  shales  and  sandstone 

Black  shale 

Coal,  shale,  and  limestone 


Conceal  (h1 


{'' 


Black 
Black  limestone 


Sandstone 
fissile  shale 


0 


in.  I 

Shaly  fivssil 30  in.  f 

Coal,  Friendsrille 
Gray  shsly  limestone 


[III  f'oncealwl 


bony , .  24  in.  "j 
11  in.  J 


Sandy  shale 
f  Coal,  bonv 
I,  <  Shale. 

""        I  Coal  , 

Itematin;^  shale  and  limestone 

Shale 

Limestone 

Black  shale 

Coal,  Bakerstown 

[III]  Gray  shale 

Conceal  c<l 


Green  and  red  shale 

Gray  shaly  ssndstone 

Gray  sandstone 

Gray  sandstone 

Blsck  shale 

rons    limestone.    L.  Cambridirc 

Black  shale 

Coal,  Bnish  Creek 

Black  shale 

Gre^n  and  jfray  shale 

gained  greenish-fnay  ssndstone 

Gray  shale 
Fine  grained  shaly  sandstone 

C(»arso  sandstone 
Greenish  and  grayish  shale 


g*.'  *•  •  <  *■ 


15  ±ft. 
8  ft. 
6  ft. 

2rt  ft. 

fl  in. 
4  ft. 

6  in. 

36  ft. 

5  ft. 

12  ft. 

(i  ft. 

and  1 

fl. 

17  ft. 

11  in. 

*>  ft 

and  3  ft 

131  ft. 


41  ft. 
10  fl. 

4  ft. 

1  ft. 
4  ft. 

0  in 

r2  ft. 


=  23  ft. 
40  ft. 


3  ft. 

2  in. 

1  ft. 

n  in. 

11  ft. 

S  in. 

20  ft. 

2  ft. 

4  ill. 

7  ft. 

6  in. 

39  ft. 


41  ft.  3  in. 

5  ft. 

11  ft.  0  in. 

3  ft. 

4  fl. 
3  ft. 

7  ft.  7  in. 
1  ft.  7  in. 

1  ft. 

38  ft.  4  in. 

24  ft. 

2  ft. 
17  ft. 

0  ft. 

6  ft.  1  in. 


Total,  718  ft.  10  in. 

n  [I]  to  [ii],  measured  on  north  end  of  Ridgleys  Hill;  (iij  to  [iiij, 
oad  cut  one  mile  south  of  the  National  Road;  the  remainder  from  a 
le  at  Jennings  Mill. 
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Section  or  CoyEHAUoii  Fobuation,  One-half  Hilk  NoxTHwnr  of  1 

TILLE,  GABBETT  CODITTT. 

PmlxblF  poaltujn  ol  PitlibiirE  m 


Concealed 
Coal.  Lilllp  PltfeibunE 


8  It  8  tn. 
1±lt.  and 

MR. 


niaihAle 

'im.l 

r.«ii 

!■]«■ 

Coal 

ItT   !■  ihila 
n  1  r<  n«l«t 

1 

'<l3n. 

III-, 

i^, 

■^lulv  llhllH 
fr...ii.  ..lijitn 

r  Cainhriclici' 
HUrli  (hair 

Itla'K  inaif 
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Fia  r. — FRANKLIN  COAL,  near  lonaconinc.  allecanv  county. 


NTOWN    SANDSTONE.    NEAR    LONACONINC, 
VIEWS  OF  CONEMAUGH  FORMATIC 
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THE   MONONOAUELA   FORMATION, 


The  Conemaugh  fonuation  is  conformably  overlain  by  the  Monon- 
hela  formation  consiatiog  of  shales,  sandstones,  limestones,  and 
al-seams  aggregating  from  240  to  270  feet  in  thickness.  At  the 
se  is  tlie  valuable  Pittsburg  coal  seam  succeeded  at  intervals  of 


CMt,  Wtyaeaburg  or  Koonli 


e.ird.iili 

ind  4  tt. 

e  nod  ihale 

Ift," 

in.  ind 

Upionto*n 

Sandrton 

.  Swlclil^ 

It  (t. 

in! 

Coil.  Upper  Stwickler  or  T^Mn 


Coal,  Lower  Sewickley 

Sindatone 

Stall? 

Limenlone.  Sewickley 


r  BoRDOn  Shaft,  Aixeoan' 


t.  «  In. 

t.  51i^n.  -ml  ■•  tt. 

t.  2  in. 

I.,  !  tt..  *iid  t  tt,  » 


d  ihale.  Redrtone 


ToUl  eipiwed.  110  ft.  Mi  il 
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twciitv  to  fifty  feet  by  the  Kedstonc,  Ixuvor  and  Tipper  Sewickley, 
T'niontown,  and  Waynesbiirg  coal  seaiii.^.     There  are  fewer  sand- 


HJllIC  ItwVC 

Llmalone  willi  >luilr 

Bit. 

lift. 

KirecLy 

3  11.  B  in. 

Shile  with  iron  ngduln 

S7  n.  lin. 

Shii1« 

27  11.  D  IB. 

n»-snin«l  niKbtoM  ■nd  ihilt 
l-.»l  »itli  I*'-  iDcha  or  •hBl« 

1  K.  a  in. 
1  fl.  S  in. 
10  It. 

t  ihily,  mictcKna  undiConr 


Section-  of  Monoxgahela  Formation  at  Koontz,  Allboant  Coomtt. 

fiiiil,  IVaynetburj  or  Kour 


YLMtO  aEOLOOICAL  SURVEV.  VOLUME  V,  PLATE  X 


FiC    I. KNOB  WITH   BENCH   AT  PITTSBURG  SEAM    HOBIZON,   1    MILE  SOUTH  OF 


Fig.  2.— view  of  "big  vein"  coal,  ocean  mine  n. 
views  of  monongahela  formation. 


MABTLAHD   QEOLOGICAI.    8UBVEV 


stones  and  these  are  thiimer  than  in  the  previous  formations  and 
accordingly  give  no  marked  topographic  guides  to  the  stratigraphy. 


Owl.  Opper  SewicUey 
ConcMlMl 


00*1.  Plltdnirs 


Tout,  13S  rt.  1  in. 


Partial  Sectioit  or  Mononoahela  Formation  above  Kikoslahd  Mink  neab 

LOITAGONINO,  AlXBOANY  COUPtTT, 


Coll,  Upps  Bewlckler 

Sanibtotw 

Cul,  Lover  Sevicklejr 


CmI.  Pittiburg  or  "  Bis  Vein  " 


ToUI.  US  rt  1  in. 


Pastial  Sectioii  Two  ahd  Okb-salf  Miles  NoBTHEAaT  of  Qrantstille.     (Oke- 
EioHTH  Mile  Nobth  of  the  Fensstlvahia  Line.) 
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THE  DUNKARD  FORMATION. 

The  Dunkard  formation  consists,  in  Maryland,  of  aboiit  400  feet 
of  strata  best  represented  in  the  following  section : 

Section  of  Dunkabd  Formation  on  Hill  East  of  Pumping  Shaft,  Aixuaxt 

CtoUNTY. 
MuBi ve  nnditonc      fe:/^v^.u::i^.^i:j        10  ±  ft 


Concealed 
Shale,  limeatone  and  concealed 

Coal,  Jollytown 

Concealed 
Limestone,  Upper  Washington 


Concealed 


Limestone,  Middle  Washington 


Concealed 


Shale ^ 

Limestone 

Black  shale 

Coal,  Washington 

Concealed 

Limestone^ 


Concealed 


■  ■■■■■:'■■■' 


25  ft. 


37  ft. 


2  ft.  2  in. 

2«»  ft. 
4  ft. 


80  ft. 


•i  ft. 


110  ft. 


>.■ 


Mononsrahela  formation 


■«-^ 


r 


1  ft, 

8  in. 
m  in. 

8  ft.  6  in. 
10  ft. 
L  2  ft. 


81  ft. 


Total,  389  ft.   2  in. 

The  lower  beds  of  the  Dunkard  formation  are  well  shown  in  the 
following  section: 

Section  of  Dunkard  Formation  on  **  Duo  Hill,"  neab  Lonaconino,^  Allboant 

County. 


Shale 
Coal  [Wayncsburg  A] 


lyn^ 
ily 


Bhaly  sandstone 


1  ft.  0  in. 

2  ft. 
19  ft. 

23  ft  8  in. 


Shale 
Monongahela  formation 

ToUl,  48  ft. 

*  P.  T.  Tyson,  Proc.  Amer.  Philos.  Soc,  vol.  xi,  1871,  p.  9. 
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Fig.  I.— outcrop  of  pittsburg  seam,  near  lonaconinc,  alleoany  c 
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Geological  Steuctuke  of  the  Maryland  Coal  Measures. 

The  rocks  of  the  Maryland  coal  district  are  entirely  sedimentary 
and  have  been  but  little  altered  since  they  were  deposited.  Like  most 
sedimentary  rocks  they  were  originally  deposited  in  an  almost  hori- 
zontal position,  but  have  been  subsequently  thrown  into  a  series  of 
folds.^ 

The  Maryland  coal  fields  lie  entirely  wuthin  what  has  been  desig- 
nated by  Willis  as  the  District  of  Open  Folding  of  the  Appalachian 
Province/  In  this  district  the  folds  are  broad  and  the  dips  relatively 
gentle,  so  that  further  folding  would  have  been  possible  without 
squeezing  the  strata.  This  district  has  been  further  divided  into  the 
Valley  region  where  the  folds  are  sharp  and  very  long  and  where  the 
distinctive  topographic  features  are  '^  governed  by  structures  seen  in 
the  sharp  upward  folds  or  anticlines  of  the  narrow-crested  ridges  and 
in  the  w^ide  undulating  downward  folds  of  the  valleys;"'  and  the 
Plateau  region  which  "  is  characterized  by  low  folds  of  wide  ampli- 
tude. In  this  province  the  structures  and  topographic  types  do  not 
conform  as  they  do  in  the  valley  region.     Valleys  follow  both  upon 

*  The  elevations  of  the  folds  are  known  as  anticlines,  and  the  depressions  as 
iynclines.  The  angle  which  any  hed  makes  with  a  horizontal  plane  is  called 
Its  dtp,  and  the  direction  at  right  angles  thereto  along  the  bed  is  its  strike.  If 
a  fold  has  equal  dips  on  the  opposite  sides  it  is  a  symmetrical  fold,  while  if 
the  dips  on  the  opposite  sides  are  unequal  it  is  an  unsymmetrical  fold.  The 
line  of  greatest  depression  of  a  syncline,  or  of  greatest  elevation  of  an  anti^ 
cline,  from  one  end  of  the  fold  to  the  opposite  is  the  axis  of  the  fold.  The 
angle  between  a  line  drawn  along  the  axis  on  the  surface  of  any  bed,  and  the 
horizontal  is  the  pitch  of  the  axis  and  of  the  fold.  An  anticline  which  has  a 
long  horizontal  or  almost  horizontal  axis  which  pitches  down  steeply  at  each 
end  is  called  a  cigar-shaped  anticline.  A  syncline  which  has  a  long  horizontal 
or  almost  horizontal  axis  which  pitches  up  steeply  at  each  end  is  called  a 
canoe-shaped  syncline.  An  anticline  which  has  a  steep  pitch  downward  in 
opposite  directions  from  a  central  point  is  called  a  dome  or  domed  anticline. 
and  the  fold  is  known  as  a  quaquaversal  fold.  A  syncline  which  has  a  steep  . 
pitch  upwards  in  opposite  directions  from  a  central  point  may  be  called  a 
spoon-shaped  syncline. 

'The  Mechanics  of  Appalachian  Structure.  13th  Ann.  Rep.  U.  S.  Geol. 
Survey,  Pt.  11,  p.  224. 

'Darton  and  Taft.    U.  S.  Geol.  Survey,  Geol.  Atlas,  folio  28.  1896,  p.  4. 
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the  anticlinal  and  synclinal  axes,  while  the  mountains  renLain  betneen 
upon  the  dip  of  the  strata  or  limb  of  the  fold."  *  The  Maryland  coel 
district  lies  within  and  borders  on  the  eastern  edge  of  the  "  Pkiean 
region." 

There  are  parts  of  four  STuclines  and  three  anticlines  in  this  re- 
gion. Their  location  is  shown  on  the  accompanying  map,  and  tliey 
are  described  in  the  following  pages. 


Pio.  20. — Map  showing  anttcllnea  and  syncltnes  of  Coal  Dlatrlct 

THE    GEORGES    CREEK-UPPER    POTOMAC    SYKCLINE. 

Position. 

The  easternmost  strueturul  feature  of  the  Maryland  coal  district 

is  a  broad,  rather  deep  synclinoriiim.     It  is  named  from  the  two 
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Streams  which  flow  along  the  axis.  The  southern  part  of  this  fold 
was  called  by  Darton  and  Taff  *  the  "  North  Potomac  Sjrncline " 
Avhile  the  northern  part  was  called  by  O'Harra  *  the  "  Gteorges  Creek 
Syncline."  The  further  continuation  of  this  fold  into  Pennsyl- 
vania has  been  called  the  ''  Wellersburg  Syncline." 

The  southern  part  of  the  Maryland  coal  fields  and  the  adjoining 
part  of  West  Virginia  have  been  described  by  Darton  and  Taff  as 
follows :  * 

"  The  North  Potomac  synclinal  fold  is  the  first  west  of  the  valley 
region,  and  extends  between  the  New  Creek  Mountain  and  Deer 
Park  Valley  anticlines.  Rocks  in  the  Allegany  Front  dip  down 
steeply  toward  the  north-northwest  at  18°  to  60°,  but  they  rapidly 
change  in  dip  to  a  few  degrees,  and  pass  across  the  valley  of  the 
North  Branch  of  Potomac  River  almost  horizontally.  In  Backbone 
Mountain  the  same  rocks  rise,  dipping  east-southeast  16*^  to  25^. 
This  wide  synclinal  basin  of  the  North  Potomac  inclines  or  pitches 
north-northeast  nearly  45.7  feet  per  mile.  It  widens  southward,  and 
divides  near  the  center  of  the  Piedmont  quadrilateral.  One  prong — 
the  Stony  River  syncline — is  in  the  valleys  of  Stony  River  and  Red 
Creek,  betw^een  the  Allegany  Front  and  Canaan  Mountain.  The 
other  prong  is  a  direct  continuation  of  the  North  Potomac  basin,  and 
its  axis  passes  almost  through  Fairfax  Knob.  This  interruption  and 
division  of  the  North  Potomac  svncline  is  due  to  the  Blackwater  an- 
ticlinal  fold.  This  anticline  enters  the  area  nearly  in  the  southwest 
comer  and  extends  northward  approximately  parallel  to  the  Allegany 
Front.  The  Blackwater  [Pottsville]  sandstone  and  Greenbrier  for- 
mation, which  once  closed  in  an  arch  over  the  Blackwater  Valley, 
have  been  removed  by  erosion,  and  the  wide  valley  between  Canaan 
and  Brown  mountains  now  extends  along  the  axis  of  the  arch.  The 
Blackwater  anticline  pitches  northward,  down  into  the  Nortli  Po- 
tomac syncline,  and  is  lost  near  the  center  of  the  basin.     Local  dis- 

*  Darton  and  Taff.    U.  S.  Geol.  Survey,  Geol.  Atlas,  folio  28,  1896,  p.  4. 
"Physical  Features  of  Allegany  County,  Md.  Geol.  Survey,  1900,  pp.  150-152. 
'Loc.  clt,  p.  5. 
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turbances  of  minor  folding  are  indicated  by  dip  of  the  rock  in  the 
Potomac  Valley  near  Gorman  and  Stoyer,  and  in  Stony  River  Valley 
above  the  falls  on  each  side  of  the  Blackwater  anticline  where  it 
dies  out  dowTi  the  pitch,  but  they  are  too  small  to  apparently  affect 
the  general  structure  or  to  be  recognized  in  structure  sections." 

It  may  be  seen  by  comparison  that  the  authors  differ  somewhat 
from  Darton  and  Taff  as  to  the  minor  details  of  the  folding.  They 
agree  with  them,  however,  as  to  the  general  character  of  the  structure. 

O'llarra  described  the  Georges  Creek  Syncline  of  Allegany  county 
as  follow^s: — ' 

^*  The  Georges  Creek  syncline  is  defined  on  the  east  by  the  Wills 
Mountain  and  Fort  Hill  anticlines  already  described.  The  western 
limit  is  west  of  Savage  Mountain  beyond  the  borders  of  Allegany 
county,  hence  need  not  receive  further  mention  here.  The  full  width 
of  this  syncline,  of  which  only  the  eastern  and  central  portions  lie 
in  Allegany  county,  remains  approximately  ten  miles  throughout 
its  entire  course  across  the  state.  This  measurement,  however,  is  not 
to  be  confused  with  the  width  of  the  high  valley  lying  between 
Savage  Mountain  and  Dans-Little  Allegheny  Mountain  which  oc- 
cupies scarcely  more  than  one-half  of  the  synclinal  fold.  The  axis 
of  the  syncline  has  been  designated  with  considerable  detail  by  means 
of  the  various  mining  operations  in  the  coal  basin.  Its  general  di- 
rection is  N.  28^  to  30°  E.  passing  through  Franklin,  Barton,  Mos- 
cow, and  Lonaconing.  It  lies  a  little  to  the  west  of  Westernport  and 
passes  through  the  immediate  vicinity  of  Mount  Savage. 

**  Steeply-dipping  Silurian  and  Devonian  strata  occupy  the  eastern 
bor<ler  of  the  syncline,  but  gradually  growing  less  steep  westward 
from  Wills  Mountain  they  disappear  one  by  one  beneath  the  high- 
lying  Carboniferous  strata  of  the  coal  basin. 

'*  In  the  gap  through  which  Jennings  Run  flows,  where  many  of  the 
strata,  particularly  those  of  the  Hampshire  formation,  have  an  excel- 
lent exposure,  the  gradually  decreasing  inclination  of  the  beds  may 

*  Physical  Features  of  Allegany  County,  Md.  Geol.  Survey,  1900,  pp.  150-152. 
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be  clearly  seen.  Numerous  good  exposures  further  south  along 
Braddock  Run  and  still  further  south  in  the  Potomac  gorge  also  aid 
materially  in  arriving  at  correct  conclusions  concerning  the  structure 
of  this  part  of  the  county. 

'^  At  the  Jennings-Hampshire  contact  in  the  Jennings  Run  gap  the 
dip  is  68°  W.  At  the  Hampshire-Pocono  contact  the  dip  has  gradu- 
ally decreased  to  28°  W.  At  the  Pocono-Greenbrier  contact  it  is 
17°  W.,  while  at  the  Mauch  Chunk-Pottsville  contact  the  dip  is  only 
13°  W.     Further  west  the  dip  continues  to  gradually  grow  less. 

"  In  the  Potomac  gorge  and  along  Braddock  Rim  the  favorable 
places  for  observation  cannot  be  concisely  described  but  the  measure- 
ments obtained  correspond  closely  to  those  made  along  Jennings  Run. 

'^  These  measurements  were  all  obtained  near  the  level  of  the 
streams  mentioned,  hence  following  the  various  formations  upward 
to  the  positions  which  they  occupy  in  the  higher  parts  of  the  Alle- 
ghany Front  the  dip  is  found  to  increase  sliglitly.  Opportunities  are 
not  good  for  learning  definitely  how  much  this  increase  is,  but  it  is 
known  that  the  Potts ville  dips  from  16°  W.  to  22°  W.  where  best 
exposed  along  the  high  crest  of  Dans-Little  Allegheny  Mountain. 

"  Outcrops  of  strata  in  Allegany  county  suitable  for  accurate  meas- 
urement of  the  dip  are  rare  west  of  the  synclinal  axis.  Southward 
from  the  state  line  the  Allegany-Garrett  line  gradually  approaches 
the  position  of  the  synclinal  axis,  hence  the  western  limb  of  the  syn- 
cline  is  but  poorly  represented  in  Allegany  county.  It  seems,  how- 
ever, that  the  steepness  increases  somewhat  less  rapidly  west  of  the 
axis  and  the  prevailing  dip  of  the  Pottsville  in  the  northwest  corner 
of  the  county  is  thought  to  be  not  greater  than  12°  E.  to  16°  E.  .  .  . 

"  In  much  of  the  Geoi^es  Creek  syncline  this  [the  pitch]  is  not 
quite  so  apparent,  but  in  the  northern  part  of  the  county  the  upward 
pitch  to  the  north  becomes  perceptible,  and  as  a  result  the  coal 
measures  all  come  to  the  surface  within  some  fifteen  miles  north  of 
the  state  line." 

The  western  edge  of  this  syncline  may  be  considered  as  located 
along  the  line  of  steepest  dip  where  the  surfaces  of  stratification 
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change  from  an  upward  to  a  downward  concavity.  This  line  coin- 
cides approximately  with  the  outcrop  of  the  base  of  the  Pottsville, 
with  the  3200  foot  contour  drawn  on  the  top  of  the  Pottsville,  and 
with  the  crest  of  the  Great  Backbone-Big  Savage  ridge.  The  north- 
ern portion  of  the  course  of  the  western  edge  of  the  fold  is  remarkably 
uniform,  being  about  N.  35^  E.,  except  for  about  four  miles  in  a  re- 
gion east  of  Altamont  where  it  is  about  N.  50"^  E.  The  syncline  is 
continued  to  the  northeastward  into  Pennsylvania,  and  southwest- 
ward  into  West  Virginia. 

The  axis  of  the  fold  lies  entirely  in  Allegany  county.  Thence  it 
passes  into  West  Virginia  and  lies  somewhat  east  of  the  Potomac 
river  from  Piedmont  to  Elkgarden.  Here,  according  to  Darton  and 
Taff,  it  divides,  the  eastern  fork  extending  up  the  valley  of  Abram 
Creek.  The  western  fork  extends  along  and  probably  somewhat  to 
the  east  of  the  Potomac  river  as  far  as  the  mouth  of  Stony  river. 
Here  another  bifurcation  takes  place,  one  fork  extending  south  into 
West  Virginia,  and  the  other  crossing  the  Potomac  river  in  a  westerly 
direction  to  a  point  about  two  miles  north  of  Grorman  where  it  turns 
and  runs  southwest  to  the  southern  point  of  Garrett  county  slightly 
east  of  Fairfax  Knob. 

Attitude  of  the  Strata. 

The  strike  averages  about  X.  35°  E.  along  the  western  edge  of 
the  fold,  but  toward  the  axis  it  becomes  less  regular.  The  dip  va- 
ries from  20*^  to  4.5°  along  the  edge  of  the  fold,  averaging  about  30°. 
Toward  the  center  of  the  syncline  it  l)ecomes  steadily  smaller  and  less 
regular.  Along  the  Potomac  river  it  is  small  but  quite  irregular  in 
amount  and  direction,  being  prevailingly  northwestward  between 
Fairfax  Knob  and  the  mouth  of  Stony  river  and  prevailingly  south- 
ea?itwartl  from  this  point  to  Bloomington. 

The  pitch  is  very  slight  but  apparently  southwestward  from  Fair- 
fax Knob  to  a  point  west  of  Henry.  From  here  the  axis  pitches 
ii(»rtheastward  at  the  rate  of  about  40  feet  \)er  mile  to  the  valley  of 
Shields  Run.     Thence  it  pitches  southwestward  at  a  low,  irregular 
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angle  as  far  as  the  mouth  of  Stony  river.  From  here  to  Piedmont 
it  pitches  quite  regularly  to  the  northeastward  at  the  rate  of  about 
80  feet  per  mile.  From  Westemport  the  axis  pitches  to  the  south- 
west, lower  and  lower  beds  appearing  successively  as  one  passes  north- 
ward toward  the  State  line. 

Oeneral  Features. 

The  most  striking  features  of  the  structure  in  this  fold  are  the 
very  uniform  strike  and  dip  along  the  western  flank;  the  flattening 
of  the  center  of  the  fold  and  steepening  of  the  western  flank  in  the 
valley  of  the  Savage  river;  the  development  of  a  subordinate  anti- 
cline with  an  axis  extending  in  a  northwest-southeast  direction 
through  Tasker  Comers  and  the  mouth  of  Stony  river;  and  the 
presence  of  a  subordinate  spoon-shaped  syncline  west  of  and  parallel 
to  the  Potomac  above  the  mouth  of  Stony  river. 

The  strata  outcropping  in  this  fold  are  those  of  the  Mauch  Chunk, 
Pottsville,  Allegheny,  Conemaugh,  Monongahela,  and  Dunkard  for- 
mations. 

THE    DEER    PARK   ANTICLINE. 

The  Deer  Park  anticline  bounds  the  Greorges  Creek-Potomac  syn- 
cline on  the  west  throughout  its  entire  length.  Its  western  edge  may 
be  somewhat  arbitrarily  placed  at  the  outcrop  of  the  base  of  the 
Pottsville  formation  along  the  crest  of  Meadow  Mountain  and  the 
geologically  continuous  and  similar  ridge  which  extends  from  the 
valley  of  Deep  Creek  in  a  southwesterly  direction  to  the  Preston 
county  (West  Virginia)  line.  This  coincides  approximately  with 
the  top  of  the  Pottsville  formation. 

The  rocks  involved  in  this  fold  which  outcrop  at  the  3urface  are 
those  of  the  Jennings,  Hampshire,  Pocono,  Greenbrier,  and  Mauch 
Chunk  formations.     The  Coal  Measures  are  entirely  absent  from  it. 

THE    CASTLEMAN    SYNCLINE. 

Position. 

The  Castleman  syncline  adjoins  the  north  end  of  the  Deer  Park 
syncline  on  the  west.     Tt  occupies  the  area  between  the  crests  of 
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Meadow  and  Negro  mountains,  the  boundaries  being  approximately 
the  outcrop  of  the  base  of  the  Pottsville  formation  on  the  crests  of 
those  mountains.  The  southern  end  of  the  syncline  may  be  placed 
at  Deep  Creek  which  flows  along  a  small  low  anticline  which  cuts  off 
this  syncline  from  the  Upper  Youghiogheny  syncline  to  the  south- 
west of  it. 

The  axis  of  this  fold  extends  from  Niverton,  Pennsylvania,  through 
the  eastern  end  of  Grantsville  and  on  to  the  Castleman  river  at  a 
point  one  mile  south  of  Grantsville.  Thence  it  lies  along  the  course* 
of  the  Castleman  as  far  as  the  forks  of  that  stream.  From  here  it 
extends  to  Bittinger,  and  then  in  a  course  of  about  S.  45°  W.  to  the 
southern  end  of  Meadow  Mountain. 

Attitude  of  the  Strata, 

The  strike  on  the  flanks  of  that  part  of  the  syncline  southwest  of 
Bevansville  is  in  general  parallel  to  the  axis.  Northeast  of  Bevans- 
ville  it  gradually  diverges  from  the  direction  of  the  axis  toward  the 
east  on  the  eastern  limb  of  the  fold  and  to  the  north  on  the  western 
limb.  In  the  region  about  four  miles  east  of  Accident  there  is  a 
very  pronounced  divergence  of  the  strike  to  a  course  almost  east  and 
west. 

The  dip  is  quite  gentle  and  regular.  It  averages  about  12°  or  15® 
on  the  crests  of  Meadow  and  Negro  mountains  and  decreases  rapidly 
and  quite  regularly  toward  the  axis. 

The  axis  pitches  to  the  northeast  at  a  rate  of  about  55  feet  per 
mile  from  Niverton,  Pennsylvania,  to  a  point  about  two  and  one-half 
miles  southwest  of  Bittinger.  From  that  point  to  the  southern  end 
of  the  syncline  it  pitches  to  the  northeast  at  a  rate  of  200  feet  per 
mile. 

There  is  a  fault  in  the  sandstones  and  shales  of  the  Conemaugh 
formation  in  the  west  bank  of  the  Castleman  river  just  east  of  Grants- 
ville. For  a  distance  of  about  100  feet  along  the  roadside  there  can 
be  seen  a  massive  sandstone  resting  horizontally  upon  the  upturned 
edges  of  steeply  dipping  shales.     The  dip  of  the  shales  is  unusual 
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for  this  region,  the  normal  dip  at  this  point  being  that  of  the  ahnost 
horizontal  sandstone.  The  disturbance  is  all  the  more  remarkable  for 
occurring  in  the  center  of  a  very  open  syncline  where  the  strata  are 
usually  very  slightly  disturbed.  The  amount  of  displacement  could 
not  be  measured  but  the  appearance  at  this  one  locality  would  seem 
to  indicate  that  it  might  be  considerable.  There  are,  however,  no 
indications  of  it  in  any  other  exposures. 

General  Features, 

This  is,  as  far  as  the  portion  in  Maryland  is  concerned,  a  typical 
canoe-shaped  syncline.  Subordinate  folds  and  undulations  of  the 
axis  are  apparently  lacking.  It  is  a  more  simple  fold  than  the 
Georges  Creek-Potomac  syncline  or  the  synclines  further  west. 

The  strata  involved  in  this  fold  and  outcropping  in  it  are  those 
of  the  Mauch  Chunk,  Pottsville,  Allegheny,  Conemaugh,  and  Monon- 
gahela  formations.  The  last  do  not  enter  Maryland  but  are  exposed 
a  few  rods  north  of  the  Pennsylvania  line. 

THE  UPPER  YOUGHIOGHENY  SYNCLINE. 

Position. 

The  Upper  Youghiogheny  syncline  adjoins  the  southern  end  of  the 
Deer  Park  anticline  on  the  west.  Its  western  boundary  is  the  out- 
crop of  the  base  of  the  Pottsville  formation  along  the  crest  of  Snaggy 
Mountain.  On  the  northeast  it  is  separated  from  the  Castleman 
syncline  by  the  crest  of  the  subordinate  anticline  referred  to  above. 
On  the  northwest  it  is  separated  from  the  Lower  Youghiogheny  syn- 
cline by  a  low  anticline  in  the  high  hill  south  of  Sang  Run.  On  the 
north  between  the  two  low  anticlines  above  mentioned  is  the  Accident 
anticline  of  which  they  are  both  prongs. 

The  axis  of  this  fold  enters  Maryland  from  Preston  county.  West 
Virginia,  along  the  line  of  the  Preston  K.  R.  Thence  its  course 
is  N.  45°  E.  to  the  "Michler  line."  From  this  point  it  extends 
in  a  somewhat  sinuous  course  to  a  point  about  one-half  mile  north 
of  Skipnish  where  it  bifurcates.     The  main  axis  runs  east  for  about 
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a  mile  and  then  turns  northeast  again  and  extends  in  that  direction 
as  far  as  the  Youghiogheny  river  at  a  point  about  one-half  mile 
above  Oak  Shoals.  Here  it  turns  north  and  follows  roughly  the 
course  of  the  river  as  far  as  a  point  about  one  mile  above  Swallow 
Falls.  Thence  it  extends  in  a  northeasterly  direction  for  about  three 
miles  where  it  is  lost  on  the  rim  of  the  basin.  The  secondary  axis 
extends  from  the  point  of  bifurcation  in  a  somewhat  sinuous  north- 
northeasterly  and  northerly  course  along  the  geographical  center 
of  the  basin,  passing  through  Brew  Mahr  Mill  in  the  direction  of 
Sang  Run. 

Attitude  of  the  Strata. 

The  strike  is  very  variable.  Toward  the  edges  of  the  basin  it  is 
parallel  to  the  direction  of  the  rim  as  described  above,  but  in  th© 
center  of  the  basin  it  is  very  irregular. 

The  dip  seldom  exceeds  12°  or  15°  on  the  flanks  of  the  fold  ani 
decreases  rapidly  toward  the  axis.  It  is  very  variable  in  amount  and 
direction,  especially  in  the  center  of  the  basin. 

The  pitch  from  the  point  where  the  axis  crosses  the  West  Virginia 
line  to  the  point  of  bifurcation  is  about  120  feet  per  mile  toward  the 
northeast.  From  here  the  main  axis  undulates  with  a  pitch  of  from 
0  to  100  feet  per  mile  until  it  reaches  a  lowest  point  at  a  place  about 
two-thirds  of  a  mile  southeast  of  Swallow  Falls.  For  a  distance  of 
about  three  miles  northeastward  from  this  point  the  axis  has  a  pitch 
to  the  southwest  of  about  200  feet  per  mile.  Then  the  pitch  passes 
into  the  dip  of  the  adjacent  anticline.  The  secondary  axis  has  a 
slight  pitch  toward  the  south  for  a  distance  of  about  two  miles  north 
from  the  point  of  bifurcation.  Then  it  has  a  slight  pitch  toward  the 
north  as  far  as  a  deep  point  under  the  valley  of  Herrington  Run. 
From  this  point  to  the  crest  of  the  anticline  in  the  hill  south  of  Sang 
Run  the  pitch  of  the  axis  is  southward.  It  gradually  increases  from 
nothing  in  the  valley  of  Herrington  Run  to  a  maximum  of  200  feet 
per  mile  about  one  mile  north  of  Brew  Mahr  Mill.  From  this  point 
northward  it  gradually  decreases  in  amount  but  continues  its  direc- 
tion southward. 
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General  Features. 

The  most  noticeable  structural  features  in  connection  with  this  fold 
are  the  unsynimetrical  character;  the  shortness  in  proportion  to  the 
width ;  the  strong  pitch  compared  with  the  relatively  gentle  dip ;  the 
irregular  strike  and  dip ;  the  bifurcating  axis ;  and  the  four  subordi- 
nate 8poon-sha]x?d  synclines.  This  syncline  is  of  a  different  type 
from  those  described  above.  It  is  of  the  class  typically  developed  in 
western  Pennsylvania,  which  characterizes  tlie  interior  of  the  Plateau 
Region  of  the  Appalackian  District  of  Open  Folding. 

The  strata  outcropping  in  this  fold  are  those  of  the  Mauch  Chunk, 
Pottsville,  Allegheny,  and  Concmaugh  formations. 

THE    ACCIDENT    ANTICLINE. 

Position, 

The  Accident  anticline  adjoins  the  Oastleman  syncline  on  the  w^est 
and  the  Upper  Youghiogheny  syncline  on  the  north.  Its  western 
boundary  is  the  crest  of  Winding  Ridge.  This  fold  forks  at  the 
southern  end ;  one  prong  extending  southeastward  through  the  valley 
of  Deep  Creek,  connects  with  Deer  Park  anticline,  the  other  extend- 
ing southwestward,  connects  with  the  Cranesville  anticline. 

The  strata  involved  at  the  surface  are  those  of  the  Jennings,  Ilamp- 
s?hire,  Pocono,  Greenbrier,  and  Mauch  Chunk  formations^  none  of 
the  Coal  Measures  being  present. 

THE    CRANESVILLE    ANTICLINE. 

Position. 

The  Cranesville  anticline  adjoins  the  Upper  Youghiogheny  syn- 
cline on  the  west.  It  is  bounded  on  the  north  by  Feik  Hill  and  Dog 
Ridge,  beyond  which  is  the  Lower  Youghiogheny  syncline.  The 
western  and  southern  limits  of  this  fold,  as  well  as  the  greater  part 
of  its  area,  are  in  West  Virginia. 

The  surface  rocks  involved  in  the  part  of  the  fold  which  lies  east 
of  the  Brown-Bauer  line  are  those  of  the  Pocono,  Greenbrier,  Mauch 


270  REPORT    ON    THE    COALS    OF    MARYLAND 

Chunk,  and  Pottsville  formations.  Along  the  axis  in  West  Virginia 
the  Jennings  and  Hampshire  formations  are  exposed.  The  Coal 
Measures  are  absent. 

THE  LOWER  YOUGHIOGHENY  SYNCLINE. 

Position, 

The  Lower  Youghiogheny  s}^lcline  adjoins  the  Accident  anticline 
on  the  west,  the  Upper  Youghiogheny  syncline  on  the  northwest,  and 
the  Cranesville  anticline  on  the  northeast  It  extends  northward 
into  Pennsylvania  and  westward  into  West  Virginia.  It  is  connected 
with  the  Upper  Youghiogheny  syncline  across  the  low  anticline  con- 
necting the  Accident  and  Cranesville  domes. 

The  axis  follows  a  somewhat  sinuous  course  near  the  eastern  edfi:e 
of  the  syncline.  It  crosses  the  Pennsylvania  line  about  one  and  one- 
half  miles  east  of  the  Youghiogheny  river  and  extends  in  a  south- 
southwesterly  direction.  Crossing  the  Youghiogheny  river  about  one 
mile  below  Selbysport,  it  continues  on  the  west  side  of  that  stream 
and  at  an  average  distance  of  one-half  mile  from  it,  as  far  as  the 
mouth  of  Trap  Run.  Here  it  takes  a  southerly  direction,  the  river 
winding  back  and  forth  across  it  as  far  as  Sang  Run.  From  this 
point  it  extends  south  into  the  high  hill  south  and  west  of  the  river, 
and  joins  the  western  fork  of  the  axis  of  the  Upper  Youghiogheny 
syncline. 

Attitude  of  the  Strata. 

The  strike  on  the  eastern  limb  of  the  fold  is  very  unifonnly  K.  35^ 
E.  as  far  south  as  a  point  two  miles  north  of  Sang  Run.  Between 
here  and  Sang  Rim  there  is  great  irregularity  of  strike.  On  the 
western  limb  of  the  fold  the  strike  is  in  general  north  and  south, 
except  in  the  southern  end  of  the  fold,  where  it  is  northwest  and 
southeast. 

The  dip  is  very  regular  on  the  eastern  limb  of  the  fold.  The  max- 
imum angle  is  about  20°.  On  the  western  limb  of  the  fold  the  dip 
is  very  irregular  in  amount  and  in  direction.     It  seldom  exceeds  5° 
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3r  8^.  A  low  secondary  anticline  occurs  in  the  northwest  corner  of 
Sarrett  county  on  Sickle  Hill  and  the  ridge  to  the  northward.  The 
Up  on  the  western  flank  of  this  is  very  slight.  A  very  strong  minor 
old  occurs  at  the  mouth  of  Laurel  Eun  and  very  near  the  axis  of  the 
yncline.     This  disturbance  is  evidently  of  slight  extent. 

The  axis  descends  to  the  northward  from  the  southern  end  of  the 
)asin  to  the  Pennsylvania  line.  Tt  pitches  at  an  average  rate  of  about 
?00  feet  per  mile  above  the  mouth  of  Salt  Block  Run.  From  the 
nouth  of  Salt  Block  Run  to  the  mouth  of  White  Rock  Run  the  pitch 
p  about  330  feet  per  mile.  From  this  point  to  Krug  it  is  about  150 
feet  per  mile.  Here  it  increases  again  and  maintains  an  average  pitch 
of  260  feet  per  mile  as  far  as  Friendsville.  The  pitch  is  very  slight 
below  Friendsville  but  maintains  its  direction  to  the  northeastward. 

General  Features, 

This  fold  differs  from  the  Georges  Creek-Potomac  and  Castleman 
ynclines  in  being  very  markedly  unsymmetrical.  Its  most  striking 
eature  is  the  very  strong  regular  dip  on  the  eastern  limb  as  compared 
vrith  the  weak  irregular  dip  of  the  western  limb.  Tt  should  be  noted 
hat  the  pitch  is  greater  than  in  any  of  the  synclines  described  above. 
This  is  due  to  the  abrupt  termination  of  the  syncline  at  the  south 
igainst  the  end  of  a  steeply  pitching  anticline.  This  deflects  the 
strike  at  almost  a  right  angle,  and  the  pitch  practically  passes  into 
the  dip  of  the  southern  limb. 

The  strata  exposed  are  those  of  the  Greenbrier,  Mauch  Chunk, 
Pottsville,  Allegheny,  and  Conemaugh  formations. 

CONCLUSIONS. 

The  rocks  of  the  Maryland  coal  district  are  unaltered  sediments 
^hich  have  been  thrown  into  a  series  of  open,  slightly  unsymmetrical 
folds  with  axes  trending  toward  the  northeast  and  southwest.  The 
•egion  presents  a  structure  which  is  similar  to  that  of  the  adjacent 
regions  on  the  northeast  and  southwest,  but  different  from  the  adja- 
:ient  regions  on  the  southeast  and  northwest.     With  each  of  the  latter 
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it  has  certain  points  in  common,  being  transitional  between  them. 
While  on  the  whole  it  has  within  itself  a  marked  individuality ;  yet 
too  it  has  within  itself  certain  divergent  types  which  render  it  capable 
of  division  into  structural  sub-provinces. 

The  unit  of  structure  is  the  fold.  The  anticline  and  the  synelinc 
are  from  one  jx^int  of  view  complementary.  Yet  in  describing  a 
region  which,  like  this,  is  composed  of  alternating  anticlines  and 
synclines,  either  might  be  ignored.  Each  syncline  might  be  consid- 
ered as  extending  from  one  anticline  axis  to  the  next;  or  each  anti- 
cline, as  from  one  synclinal  axis  to  the  next.  The  most  rational  and 
consistent  way  of  dividing  a  region  into  anticlinal  areas  and  syn- 
clinal areas  would  be  to  draw  the  line  between  the  anticline  and  the 
syncline  where  the  surface  of  any  bed  changes  from  an  upward  to  a 
downward  concavity.  This  would  be  along  the  line  of  greatest  dip. 
There  are  two  objections  to  this: — first,  the  difficulty  of  finding  a 
fairly  continuous  nnd  definite  line  of  greatest  dip;  and  second,  the 
fact  tliat  in  this  region  the  anticlinal  crests  are  very  sharp  so  that 
such  a  division  would  throw  almost  all  of  the  region  into  the  synclinal 
areas.  It  has  l)een  found  that  the  line  of  outcrop  of  the  base  of  the 
Pottsville  formation  on  the  crests  of  the  Pottsville  ridges,  and  the 
crests  of  the  Pottsville  ridges  themselves,  approximately  coincide  in 
all  parts  of  the  county,  and  in  many  regions  coincide  with  the  zones 
of  steejiest  dij).  Therefore  the  anticlines  and  synclines  have  l>een 
separated  on  these  lines  for  the  purposes  of  this  discussion.  The 
method  has  tlie  merit  of  giving  the  divisions  not  only  a  structural 
but  a  topograi)hic  and  geologic  unity. 

The  major  foMs  situated  in  part  in  the  region  under  discussion  are 
seven;  four  of  thoni  being  synclines,  and  three,  anticlines.  There  is 
a  long  syncline  (the  (icnrges  Creek-Potomac  syncline)  forming  the 
eastern  boundary  of  the  coal  district.  This  is  succeeded  on  the  west 
by  a  long  anticline  (the  Deer  Park  anticline)  which  extends  from 
near  the  northeast  to  the  southwest  corner  of  the  district.  West  of 
this  are  two  s\Tic]ines  (the  (^istleman  s\Ticline  at  the  north  and  the 
Upper  Youghiogheny  syncline  at  the  south)  which  are  disconnected 
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by  a  low  uplift  and  are  neither  quite  in  line  nor  quite  parallel.  The 
axis  of  the  latter  is  situated  farther  to  the  northwest,  and  its  direction 
is  nearer  north  and  south,  than  the  axis  of  the  former.  West  of  these 
two  synclines  are  two  anticlines  (the  Accident  anticline  at  the  north 
md  the'  Cranesville  anticline  at  the  south)  which,  like  the  synclines 
ast  described,  are  also  disconnected,  and  whose  axes  are  both  out  of 
ine  and  divergent.  The  discrepancy  in  the  position  and  direction 
)f  the  axes  is  similar  to  that  of  the  axes  of  the  above  mentioned  syn- 
ilines,  but  is  even  greater  in  amount.  Xorthwest  of  these  anticlines 
Is  a  syncline  (the  Lower  Youghioglieny  syncline).  The  Upi)er 
Youghiogheny  syncline,  from  its  position  flanking  the  Deer  Park 
anticline  on  the  west,  would  seem  to  be  more  closely  related  to  the 
Castleman  than  to  the  Lower  Youghiogheny  syncline.  But  it  is 
structurally  more  closely  related  to  the  latter,  as  it  is  joined  with  it 
at  a  point  on  the  axis  200  feet  lower  than  with  the  former ;  and  is  a 
fold  of  the  same  broad  unsymmetrical  type. 

Faults  are  small,  infrequent,  and  inconspicuous.  They  do  not 
affect  the  areal  distribution  of  the  formations,  or  the  general  char- 
acter of  the  structure. 

The  folds  are  in  general  imsymmetrical,  the  steepest  dips  being  on 
eastern  limbs  of  the  synclines  and  western  limbs  of  the  anticlines. 
In  other  words,  the  northwestward  dips  are  steeper  than  the  south- 
eastward.   This  is  in  general  true  throughout  the  entire  Appalachian 
province.     The  amount  and  the  regularity  of  the  dip  decrease  from 
the  southeastern  to  the  northwestern  part  of  the  district.    The  amount 
of  pitch  increases  in  the  same  direction.     This  regular  change  in  the 
dip  and  pitch  from  the  southeast  to  the  northwest  entirely  changes 
the  general  character  of  the  structure.     The  continuation  of  the 
change  beyond  the  limits  of  the  region  in  either  direction  makes  it 
a  transition  zone  between  two  radically  different  structural  provinces. 
To  the  southeast  and  east  is  what  has  been  designated  the  Valley 
Region  of  the  District  of  Open  Folding  of  the  Appalachian  Province, 
while  to  the  northwest  is  the  Plateau  Region  of  the  same  district. 
The  former  is  characterized  by  the  canoe-shaped  syncline  and  the 
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cigar-shaped  anticline.  The  latter  is  characterized  by  the  spoon- 
shaped  syncline  and  the  domed  anticline.  The  eastern  edge  of  the 
Georges  Creek-Potomac  syncline  forms  the  western  boundary  of  the 
former  region.  The  eastern  edges  of  the  Accident  anticline  and  the 
Upper  Yoiighiogheny  syncline  form  the  eastern  boundary  of  the  latter 
region.  The  intervening  area,  comprising  in  Maryland  the  Georges 
Creek-Potomac  syncline,  the  Deer  Park  anticline,  and  the  Castlemaii 
syncline,  is  transitional  between  them. 

The  Geologic  History  of  the  Mabyland  Coax.  Measubes. 

eably  paleozoic  pebiods. 

At  the  beginning  of  our  record  of  geologic  history  large  parts  of 
what  is  now  the  continent  of  North  America  were  covered  by  the 
sea.  Land  areas  existed  in  what  is  now  Canada  and  probably  along 
a  belt  near  the  present  Atlantic  shore.  These  lands  grew  irr^u- 
larly  by  elevation,  and  were  worn  away  by  the  processes  of  erosion 
which  are  now  attacking  the  land  surfaces  everywhere.  The  sea  was 
fed  by  the  waste  of  the  eroded  land,  and  shallowed  and  narrowed 
because  of  receiving  these  sediments. 

The  details  of  this  early  history  are  complex  and  varied.  The 
uplift  of  the  land  was  sometimes  rapid  and  consequently  large 
amounts  of  sediment  were  furnished  to  the  sea  within  short  periods. 
At  other  times  the  land-surface  stood  near  the  sea-level  for  long  inter- 
vals, and  then  the  sediment  which  reached  the  sea  was  fine  in  texture 
and  small  in  volume.  The  land  itself  was  sometimes  submerged 
beneath  the  sea  so  that  marine  sediments  were  spread  over  the  old 
land-surface.  The  sea-bottom  was  at  other  times  raised  above  the 
water-level  and  the  recently  formed  strata  were  eroded  and  rede- 
posited. 

There  is  very  little  positive  evidence  as  to  what  took  place  within 
the  Maryland  coal  region  during  the  early  Paleozoic  periods  as  no 
rocks  older  than  the  Silurian  and  Devonian  outcrop  within  the  Coal 
Measures  district.     The  character  of  the  rocks  to  the  east  of  the  coal 
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district  shows,  however,  that  the  region  was  submerged  and  was 
receiving  sediments  from  the  land  mass  to  the  eastward.  The  char- 
acter of  the  later  Silurian  and  early  Devonian  deposits,  which  are 
largely  limestones,  suggest  that  this  land  was  near  base-level,  form- 
ing a  broad  low  plain  from  which  little  sediment  was  derived. 
Gradually  the  continent  rose,  initiating  erosion  and  causing  muddy 
sediments  to  reach  the  sea.  The  continent  was,  however,  a  lowland 
until  the  middle  of  the  Devonian  when  a  very  marked  uplift  of  the 
land  area  east  of  the  Devonian  sea  began  which  resulted  in  the 
growth  of  a  great  highland  area.  Erosion  now  became  active  and  a 
vast  amoimt  of  sediment  was  furnished,  forming  a  great  Coastal  Plain 
which  grew  westward  by  the  gradual  filling  of  the  sea  and  eastward 
by  the  reduction  of  the  land  to  an  even  plain  over  which  rivers  mean- 
dered and  spread  the  coarser  part  of  their  burden.  Conditions  little 
understood  but  which  resulted  in  the  formation  of  a  great  series  of 
red  and  green  sandstones,  in  which  marine  fossils  are  usually  absent, 
mark  the  close  of  the  Devonian  period.  It  seems  probable  that  the 
waters  of  this  time  which  extended  over  the  northern  Appalachian 
region  must  have  been  shallow  and  for  the  most  part  cut  off  from  the 
main  ocean.  A  time  evidently  elapsed  during  which  almost  uniform 
conditions  prevailed. 

EARLY   CARBONIFEROUS   OR   MISSISSIPPIAN   PERIOD. 

The  change  from  the  Devonian  to  the  Carboniferous  sediments  in 
the  region  under  discussion  is  of  great  lithologic  abruptness.  The 
surface  is  so  sharp  as  never  to  be  mistaken.  Whether  or  not  it  is 
marked  by  an  unconformity  is  a  question  which  cannot  at  present  be 
decided. 

The  Pocono  Epoch. 

According  to  Mr.  Bailey  Willis '  the  beginning  of  Carboniferous 
time  was  accompanied  by  a  slight  submergence  and  a  tilting  of  tho 
coastal  plain  toward  the  west.     The  red  sediments  which  had  been 

*  Paleozoic  Appalachia;  Md.  Geo.  Survey,  vol.  iv,  p.  65. 
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supplied  to  the  sea  during  late  Devonian  time  failed ;  either  because 
the  deeply  oxidized  residual  which  had  furnished  them  was  exhausted 
or  because  transportation  to  the  open  sea  was  prevented  by  the  sub- 
mergence. At  the  same  time  the  coarse  and  cleanly  washed  quartzose 
sediments  which  had  been  accumulating  in  the  beaches  and  sand- 
flats  of  the  Devonian  coastal  plain  were  delivered  rapidly  to  the 
waters  of  the  open  sea  and  were  spread  as  a  broad  sheet  of  conglom- 
erate and  sand.  These  beds  form  the  Pocono  sandstone.  Some  of 
the  beaches  and  lagoons  of  earlier  times  were  probably  then  entombed 
and  presented  without  destruction  in  the  mass  of  partly  transported 
and  re-deposited  material.  Tliis  made  the  sediments  of  the  Pocono 
of  great  complexity  of  character  and  discordance  of  bedding.  The 
great  and  rapid  variations  in  thickness  of  the  formation' find  explana- 
tion in  previous  irregularities  of  the  sea-bottom,  in  local  differences 
in  the  amount  of  material  at  hand,  and  above  all  in  the  varying  dis- 
tance from  shore. 

Interbedded  with  the  sandstone  and  conglomerate  are  beds  of  fine 
shale,  some  of  which  carry  abundant  marine  fossils.  These  are  prob- 
ably the  most  shoreward  representatives  of  the  normal  marine  sedi- 
ments which  form  the  Waverly  group  in  Ohio  where  they  contain 
the  remains  of  flourishing  marine  life. 

In  Alloganv  county  there  is  little  apparent  difference  between  the 
highest  Devonian  and  the  lowest  Carboniferous  sediments  except  in 
color  and  coarseness.  In  each  case  the  sediments  are  almost  whoUv 
of  quartzose  materials  and  indicate  shallow  water  and  mountainous 
land  conditions.  Cross-l>edding,  ripple-marks,  and  thin  coal  seams 
all  attest  a  preparatory  step  toward  the  marshy  condition  of  the  Coal 
Measures. 

Pocono  time  was  marked  by  rapid  submergence  and  the  rapid 
delivery  to  the  sea  of  the  beach  accumulations  of  previously  washed 
and  sorted  material.  The  duration  of  Pocono  time  was  probably 
not  long. 
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The  Oreenbrier  Epoch. 

The  beginniug  of  Greenbrier  time  was  marked  by  a  sudden  decrease 
in  the  amount  of  sedimentation.     The  waters  of  the  Appalachian  sea 
fcecame  clearer  and  deeper  and  little  or  no  arenaceous  sediments  were 
deposited.     These  waters  teemed  with  marine  life,  and  by  the  agency 
of  these  organisms,  aided  perhaps  by  chemical  precipitation,  beds 
of  limestone  were  laid  down.     The  argillaceous  character  of  most 
of  the  limestone,  and  the  presence  of  interbedded  strata  of  red  shale 
indicate  that  land  was  near  enough  to  furnish  some  detritus.     The 
nature  of  this  sediment  shows  that  the  land  had  a  deeply  disinte- 
grated surface  and  that  the  shore-line  was  sufficiently  embayed  or 
beach-bound  to  prevent  the  coarser  material  from  reaching  the  open 
sea.      It  is  probable  that  the  submergence  which  brought  the  deep 
clear  ocean  waters  into  the  region  converted  the  lower  courses  of  the 
rivers  into  estuaries  in  which  the  coarser  part  of  the  land-waste  was 
held. 

The  "  siliceous  limestone  "  or  calcareous  cross-bedded  sandstone 

^\t  the  base  of  the  Greenbrier  records  that  stage  of  the  submergence 

>vhen  the  last  of  the  pebbly  teaches  disappeared  below  the  sea  and 

<?lear  marine  Avaters  first  extended  over  them.     The  cross-bedding  in 

this  rock  was  the  work  of  the  imdertow  and  tides  on  tops  and  sides  of 

these  already  submerged  beaches.     They  are  a  lithologic  transition 

fnim  the  Pocono  to  the  Greenbrier,  but  belong  most  positively  to  the 

age  of  the  latteri 

The  absence  of  fossils  in  these  beds  is  to  be  explained  by  the  sub- 
mergence and  the  accompanying  eastward  transfer  of  the  shore-line 
having  been  too  rapid  for  the  fauna  to  accompany  it. 

Shortly  after  this  first  invasion  of  marine  waters  from  the  west, 
the  ponded  Pocono  rivers  succeeded  in  clearing  their  mouths  of  the 
marine  waters  and  poured  an  accumulation  of  muddy  sediment  into 
the  sea.  Then  were  deposited  the  red  and  green  shales  and  thin 
argillaceous  limestones  of  the  Middle  Greenbrier.  It  is  probable 
that  these  deposits  record  a  halt  in  the  subsidence. 
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The  purer,  more  thickly-bedded  limestones  which  predominate  in 
the  upper  part  of  the  Greenbrier  formation  are  the  record  of  a 
renewed  and  continued  subsidence  which  lasted  throughout  the  re- 
mainder of  Greenbrier  time.  Marine  conditions  then  existed  for  a 
long  period  and  over  a  wide  area.  From  time  to  time  muddy  sedi- 
ment reached  the  sea  but  it  did  not  interfere  with  life,  for  the  lime- 
stones and  shales  are  both  fossiliferous. 

The  Mauch  Chunk  Epoch. 

The  beginning  of  the  Mauch  Chunk  epoch  was  marked  by  the 
invasion  of  that  part  of  the  sea  in  which  the  present  Mauch  Chunk 
shales  of  Maryland  were  deposited  by  a  great  voluxne  of  muddy 
sediment  similar  to  that  which  from  time  to  time  reached  it  during 
the  Greenbrier  epoch.  The  clear  marine  waters  and  the  marine 
fauna  were  driven  away  and  a  great  thickness  of  mud  and  sand  was 
rapidly  deposited.  This  was  occasioned  by  an  elevation  of  the  con- 
tinent sufficient  to  quicken  erosion  and  to  bring  the  region  under  dis- 
cussion within  the  zone  which  could  receive  muddy  sediments;  but 
not  enough  to  submerge  the  beaches  or  to  deliver  coarse  unsorted 
material  to  the  waves.  The  conditions  of  Catskill  time  were  re- 
peated. The  already  deeply  weathered  and  oxidized  soil  was  stripped 
off  and  carried  to  the  sea  but  on  the  way  the  coarser  material  lagged 
behind  and  was  accumulated  in  flood-plain  and  coastal-plain  sedi- 
ments which  were  not  to  receive  their  final  deposition  until  the  next 
epoch. 

l^MER  CARBONIFEROUS  OR  PENNSYLVANIAN  PERIOD. 

The  change  from  early  Carboniferous  to  late  Carboniferous  sedi- 
ments is  very  marked.  The  open-water  conditions  which  had  pre- 
vailed even  to  the  close  of  the  Mississippian  period  were  now  gradu- 
ally replaced  by  successive  marshes  in  which  the  great  accumulations 
of  vegetable  debris  out  of  which  the  coal  is  formed  took  place,  • 
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The  Pottsville  Epoch. 

The  beginning  of  Pottsville  time  was  marked  by  the  change  from 
the  deposition  of  fine  oxidized  sands  and  clays  to  that  of  much  coarser 
and  fresh  sands  and  gravels.  It  was  such  a  change  as  accompanies 
a  submergence  and  seaward  tilting  of  an  old  land  surface.  The 
coastal-plain  accumulations  were  rapidly  swept  into  the  sea  and  re- 
deposited  without  resorting. 

The  history  of  Pottsville  time  is  complex,  varying  much  within 
short  intervals,  not  merely  from  time  to  time,  but  from  place  to  place. 

The  lowest  beds  of  the  Pottsville  in  Maryland  are  much  younger 
than  those  of  the  regions  to  the  northeast  and  southwest.  It  is  thus 
evident  either  that  there  was  no  sedimentation  in  Maryland  during 
the  earliest  Pottsville  time,  or  that  any  such  sediments  as  ever 
existed  have  been  eroded,  or  that  the  oldest  Pottsville  sediments  of 
these  other  regions  are  contemporaneous  with  part  of  the  Mauch 
Chunk.  This  question  has  been  discussed  by  Mr.  David  White* 
who,  while  he  regards  the  present  evidence  as  inconclusive,  is  inclined 
toward  the  first  explanation. 

Mr.  White  *  believes  that  Mauch  Chunk  time  terminated  with  the 
existence  of  a  broad  coastal  plain  bordering  a  vast  expanse  of  shoals, 
ferruginous  mud-flats  and  shallows  extending  across  the  greater  part 
of  the  northern  coal  fields.  The  Maryland  region  was  far  out  in 
the  latter  belt.  Then,  according  to  Mr.  White,  erogenic  movement 
began  and  the  earth's  crust  was  warped  so  as  to  form  a  trough  to  the 
east  of  the  present  coal  area  of  Maryland  while  on  either  side  of  the 
trough  the  earth's  crust  was  elevated.  This  brought  large  areas  of 
the  newly  deposited  Mauch  Chunk  sediments  above  sea-level,  and 
also  accelerated  erosion  and  the  redeposition  of  the  Mauch  Chunk 
coastal  plain  sediments  in  the  eastern  region.  The  oldest  Pottsville 
was  thus  deposited,  but  no  sediments  were  then  laid  down  in  the 

*  The  Stratlgraphlc  Succession  of  the  Fossil  Floras  of  the  Pottsville  Forma- 
tion in  the  Southern  Anthracite  Coal  Field,  Pennsylvania.  20th  Ann.  Rept. 
U.  S.  Geol.  Survey,  part  ii,  pp.  749-928. 

"Bull.  Geol.  Soc.  Amer.,  vol.  xv,  1904.  pp.  280-281. 
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Maryland  region.  Gradually  the  trough  deejpened  and  at  the  same 
time  extended  westward  till  finally,  in  Sharon  time,  the  area  of 
deposition  reached  what  is  now  the  Maryland  coal  regions.  From 
this  time  on  until  the  deposition  of  the  youngest  Pottsville,  this  region 
was  within  the  area  of  deiX)sition,  and  the  course  of  events  was,  as 
has  already  been  narrated  bv  the  author  as  follows :  * 

"  In  the  Maryland  region  the  beginning  of  Pottsville  deposition 
was  marked  by  the  laying  down  of  a  thin  sandstone,  following  the 
cessation  of  the  deposition  of  red  sediments  and  possibly  following  a 
still  later  period  of  erosion. 

"  The  next  episode  was  the  invasion  of  fine  lagoon  and  marsh  sedi- 
ments producing  a  succession  of  fine  sandstone,  shales,  and  coal  seams. 
These  beds  carrv  the  verv  distinctive  Sharon  flora  and  are  hence  to 
be  correlated  with  the  widespread  Sharon  coal-group.  The  existence 
of  these  beds  implies  an  interval  of  quiescence  of  considerable  dura- 
tion which  extended  over  a  wide  area. 

"  The  Connoquenessing  sandstones  indicate  that  Sharon  time  was 
followed  by  a  tilting  of  the  continent  to  the  seaward  which  submerged 
the  marsh  depk)sits  and  spread  over  them  not  only  part  of  the  barrier 
beaches  behind  which  they  had  accumulated  but  the  sands  and  gravels 
which  had  been  accumulating  along  the  flood-plains  of  the  rivers. 
About  the  middle  of  Connoquenessing  time  there  was  a  short  period 
of  quiescence  during  which  the  Quakertown  coal  with  its  accompany- 
ing shales  was  s])read  in  a  great  marsh  which  extended  not  only  over 
the  region  under  discussion  but  over  the  greater  part  of  what  is  now 
western  Pennsylvania,  eastern  Ohio,  and  northern  West  Virginia. 
But  immediately  after  the  deposition  of  the  coal  the  conditions  which 
existed  during  early  Connoquenessing  time  were  resumed  and  con- 
tinued with  gre^  uniformity. 

"  After  the  deposition  of  the  Connoquenessing  sandstone,  the  pres- 
ent Maryland  coal  region  again  became  a  great  coal  marsh  in  which 
the  Mercer  coals  and  shales  were  laid  down.     This  marsh  extended 

'The  Physical  Features  of  Garrett  County;  Md.  Geol.  Survey,  1902,  p.  170. 
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over  the  whole  of  western  Maryland  and  the  larger  part  of  western 
Pennsylvania,  northern  West  Virginia  and  eastern  Ohio.  In  its 
more  minute  details  the  history  of  the  Mercer  stage  was  complex. 
In  some  places  as  many  as  three  coals  were  deposited,  while  in  others 
there  was  only  one.  In  some  regions  two  limestones  were  deposited, 
but  both  of  them  are  absent  in  Maryland. 

"  Another  great  sandstone,  the  Homewood,  was  spread  over  the 
Mercer  shales  and  coals.  The  deposition  of  this  sandstone  probably 
records  a  gradual  subsidence  during  which  the  barrier-beach  was 
driven  landward,  burying  the  Mercer  marshes.  The  culmination  of 
this  movement  terminated  Pottsville  time." 

The  Allegheny  Epoch, 

Allegheny  time  began  with  the  period  of  quiet  which  succeeded 
the  submergence  during  which  the  Homewood  sandstone  was  laid 
cloTVTi.     As  soon  as  this  submergence  ceased  the  broad  area  of  sand 
witli  its  surface  in  the  littoral  zone  was  converted  into  a  swamp  in 
AX'hich  was  formed  the  Brookville  coal.     The  formation  of  this  coal 
xvas  followed  in  some  portions  of  the  field  by  a  very  slight  submerg- 
^*nee  which  permitted  the  accumulation  of  mud.     \Mien  this  sub- 
'xuergence  ceased  another  swamp  was  formed  in  which  the  Clarion 
<?oal  was  formed.     In  those  localities  where  there  was  little  or  no 
submergence  during  this  interval  the  Brookville  and  Clarion  coals 
are  represented  by  a  single  seam.     In  such  localities  the  coal  repre- 
sents both  the  Brookville  and  the  Clarion.     In  some  other  localities, 
one  or  the  other  may  be  and  probably  is  absent,  because  that  spot  was 
the  location  of  an  island  or  a  lake  within  the  marsh.     The  Clarion 
sandstone  which  overlies  the  Clarion  coal  represents  a  cnistal  sub- 
mergence of  broad  extent  and  considerable  magnitude,  which  resulted 
in  spreading  the  sands  of  the  barrier-beach  and  of  the  flood-plains 
over  the  marsh  accumulations.     This  was  followed  by  a  greater  sub- 
mergence which  brought  the  entire  district  into  the  region  of  the 
accumulation  of  fine  sediments.    The  shales  which  overlie  the  Clarion 
sandstone  date  from  this  time,  as  does  also  the  Vanport  or  "  Ferri- 
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ferous  "  limestone.  It  is  evident  that  this  submergence  was  greater 
toward  the  north  and  northwest,  for  the  limestone  carries  a  marine 
fauna  only  in  Ohio,  Pennsylvania,  and  the  northern  part  of  Mary- 
land and  West  Virginia,  while  in  the  southern  part  of  West  Virginia 
and  in  the  adjacent  part  of  Maryland  it  is  of  a  fresh  or  brackish 
water  type.  As  soon  as  the  bed  of  shales  in  which  the  Vanport  lime- 
stone is  included  was  built  up  to  the  littoral  zone,  a  marsh  began  to 
develop  upon  its  surface  and  the  Lower  Kittanning  coal  was  forme*!. 
The  coal  seam  known  as  the  "  Split-six  "  records  the  development  of 
a  local  marsh  dating  between  the  age  of  the  Vanport  limestone  and 
that  of  the  Lower  Kittanning  coal.  The  area  of  the  Lower  Kittan- 
ning marsh  covered  a  region  including  what  is  now  the'bitimiinous 
coal  fields  of  Pennsylvania,  Maryland,  West  Virginia,  Ohio,  and 
probably  part  of  Kentucky.  Large  areas  within  this  marsh  became 
submerged  enough  for  the  Lower  Kittanning  coal  to  be  covered  by  a 
few  feet  of  mud.  The  Middle  Kittanning  coal  was  laid  down  upon 
this  shale,  or  in  the  absence  of  the  shale,  directly  upon  the  Lower 
Kittanning  coal. 

The  Middle  Kittanning  coal  was  almost  immediately  submerged 
to  the  zone  of  the  rapid  accumulation  of  sand,  and  cross-bedded  sands 
were  spread  over  it.  Upon  this  new  surface  local  marshes  imme- 
diately developed  in  which  the  Upper  Kittanning  coal  was  formed. 

The  succeeding  time  interval  was  characterized  by  the  rapid  and 
somewhat  irregular  accumulation  of  sandstone  and  shale.  The  local 
variations  are  probably  due  to  differences  in  source  of  supply  and 
in  stream  action.  There  was  probably  a  moderate  submergence  after 
the  formation  of  the  Upper  Kittanning  coal  attended  by  uplift  and 
increased  erosion  in  the  interior.  The  local  occurrence  of  the  Lower 
Freeport  limestone  in  this  interval  suggests  local  deeps  or  quiet  places 
along  shore  which  land  detritus  did  not  reach. 

The  Lower  Freeport  coal  records  the  next  period  of  widespread 
tranquillity.  The  marsh  in  which  this  coal  was  formed  does  not 
appear  to  have  been  as  uniform  and  imbroken  as'  the  Kittanning 
marshes. 
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The  deposits  which  cover  the  Lower  Freeport  coal  are  in  some 
places  shale  and  in  others  sandstone.  This  indicates  variations  in 
amount  of  submergence,  local  differences  in  supply,  or  both. 

The  variable  succession  of  events  during  which  these  shales  and 
sandstones  were  laid  down  was  followed  by  greater  quiet.  During 
this  interval  only  fine  sediments  were  accumulated.  These  consist 
in  some  places  of  limestone,  in  others  of  iron  carbonate,  and  in  others 
of  fire-clay.  The  lower  Freeport  limestone  and  the  Bolivar  fire-clay 
date  from  this  time. 

Then  came  an  invasion  of  rank  vegetation,  and  the  Upper  Free- 
port  coal  was  formed.  The  Upper  Freeport  marsh  was  one  of  great 
extent  and  uniformity.  According  to  Professor  I.  C.  White*  this 
coal  is  more  regular  and  persistent  in  Pennsylvania  than  elsewhere, 
although  it  is  workable  over  large  areas  in  West  Virginia  and  Ohio. 
The  destruction  and  burial  of  the  vegetation  in  this  marsh  ended 
Allegheny  time. 

The  Conemangh  Epoch, 

Conemaugh  time  began  with  a  general  and  widespread  submerg- 
ence which  spread  the  previously  formed  beach  accumulations  over 
;he  Upper  Freeport  coal,  and  fonned  the  Mahoning  sandstone.  This 
marine  trangression  was  of  wide  extent  and  must  have  been  of  long 
duration.  During  its  progress  the  Upper  Freeport  marsh  was  being 
driven  eastward  so  that  tlie  Upper  Freeport  coal  of  the  most  eastern 
basins  of  Maryland,  West  Virginia,  and  Pennsylvania  is  contempo- 
Taneous  with  part  at  least  of  the  Mahoning  sandstone  of  Ohio.  Dur- 
ing the  middle  of  Mahoning  time  there  were  developed  in  parts  of 
this  region  small  marshes  in  which  the  Mahoning  coal  was  formed. 
During  the  formation  of  this  coal  the  submergence  must  have  ceased 
long  enough  for  the  land  detritus  to  be  built  into  a  beach.  The  pre- 
dominance of  shale  over  sandstone  at  the  horizon  of  the  Upper  Mahon- 
ing sandstone  in  this  region  indicates  that  the  supply  of  material 
in  the  barrier-beach  was  not  very  great  or  else  that  the  streams  had 

*BuU.  65,  U.  S.  Geol.  Survey,  1891,  p.  147. 
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filled  their  channels  with  debris  to  such  an  extent  that  they  were 
carrying  a  large  amount  of  unsorted  material  to  the  coast 

Mahoning  time  ended  with  the  deposition  of  the  last  sand.  The 
submergence  had  reached  such  a  point  at  this  time  that  only  very 
fine  material  was  reaching  the  sea.  As  soon  as  sedimentation  caught 
up  with  this  submergence  a  marsh  of  very  broad  extent  was  spread 
over  the  newlv  made  flats  and  the  Brush  Creek  coal  was  formed.  The 
Brush  Creek  marsh  covered  all  of  the  coal  region  of  Maryland  west  of 
(Cumberland,  most  of  southwestern  Pemisylvania,  all  of  eastern  Ohio, 
the  greater  part  of  West  Virginia,  and  part  of  Kentucky.  That 
conditions  were  extremely  uniform  over  the  greater  part  of  this  area 
is  shown  bv  the  almost  entire  absence  of  variation  in  the  character  of 
this  coal.  The  marsh  was  so  large  that  the  vegetation  grew,  for  the 
most  part,  in  clear  water  and  consequently  the  coal  is  remarkably 
free  from  impurities. 

The  barrier  behind  which  the  Brush  Creek  marsh  existed  w-as  low 
and  contained  a  small  amount  of  sand  compared  with  the  area  of 
the  marsh.  Consequently  when  the  submergence  which  terminated 
the  fonnation  of  the  coal  took  place,  the  overlying  bed  was  not  formed 
from  the  sand  of  the  barrier-beach  driven  inland  by  the  waves.  But 
marsh  and  beadi  together  were  submerged  under  the  waters  of  the 
ojx^n  sea  and  the  first  covering  which  the  coal  received  was  of  shale. 
As  soon  as  from  five  to  eight  feet  of  shale  was  deposited  the  marine 
life  which  had  been  living  farther  from  shore  colonized  this  newly- 
made  sea-floor,  and  flourished  there.  In  this  wav  the  Ix)wer  Cam- 
bridge  limestone  was  spread  as  a  broad  continuous  sheet  at  a  very 
uniform  distance  of  about  six  feet  above  the  Brush  Creek  coal.  Then 
there  was  a  continental  elevation  which  increased  the  amount  of  sedi- 
ment, rendering  the  conditions  more  and  more  unfavorable  for  marine 
life  until  as  the  deposits  became  a  sand,  the  fauna  entirely  disap- 
])eared.  The  Buffalo  sandstone  was  then  rapidly  laid  down.  This 
sandstone  was  evidently  derived  from  a  partly  sorted  mass  of  sand, 
which  during  the  formation  of  the  I^wer  Cambridge  limestone,  had 
been  deposited  on  a  coastal  plain  which  lay  to  the  eastward  of  that 
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part  of  the  Carboniferous  sea  in  which  the  limestone  was  deposited. 
Still  farther  to  the  east  lay  a  low  continent  whose  surface  was  being 
deeply  disintegrated  by  aerial  agencies. 

The  next  step  in  the  history  of  the  sediments  was  the  submergence 
of  the  continental  mass,  probably  accompanied  by  a  seaward  tilting. 
This  brought  the  last  of  the  coastal-plain  sands  below  the  reach  of 
the  waves,  admitted  the  marine  waters  to  the  Maryland  region,  and 
delivered  the  red  residual  soil  of  the  old  land  surface  to  the  sea. 
The  result  was  the  deposition  of  a  series  of  red  and  gray  shales  and 
marine  fossiliferous  limestones.  The  Upper  Cambridge  limestone, 
represented  in  Maryland  by  two  limestone  bands  17  feet  apart,  be- 
longs here.     The  red  shales  carry  some  marine  fossils. 

The  sea  ^vas  gradually  being  driven  back  by  the  growth  of  the 
land  and  soon  the  shore  was  transferred  westward  beyond  the  Mary- 
land region.  Then  a  great  marsh  was  spread  as  far  west  as  the 
Monongahela  river,  and  in  it  the  Bakerstown  coal  w^as  formed. 

Over  the  Bakerstown  coal  the  rivers  spread  a  deposit  of  cross- 
bedded  sand  which  is  now  known  as  the  Saltsburg  sandstone.  As 
this  sand  was  extended  seaward  the  land  sank  until  the  coarser  de- 
ix)sits  failed  to  reach  the  coast,  and  a  deposit  of  shale  was  laid  down 
along  the  shore.  A  coastal  plain  was  thus  built  up  of  fine  material, 
the  coarser  land-debris  being  held  back  in  the  estuaries  and  on  the 
flood-plains  of  the  overburdened  streams.  The  coastal  plain  then 
was  brought  to  sea-level,  a  barrier  beach  was  formed  around  its  outer 
edge,  and  a  great  marsh  was  enclosed  within.  The  Friendsville  coal 
was  formed  in  this  marsh.  The  extent  of  this  marsh  was  practically 
the  same  as  that  of  the  marsh  in  which  the  Brush  Creek  coal  was 
formed.  The  history  of  the  Brush  Creek  marsh  was  repeated.  The 
entire  coast, — barrier  beaches,  marsh,  and  estuaries  were  submerged 
below  the  open  sea,  thus  cutting  off  the  supply  of  terrestrial  debris 
from  this  region  and  admitting  a  marine  fauna,  by  the  agency  of 
which  the  marine  Ames  limestone  was  formed.  It  must  be  noted 
that  in  this  case  the  invasion  of  the  marine  fauna  was  so  rapid  that 
the  limestone  rests  directly  on  the  coal. 
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This  submergence  was  of  short  duration.     The  land  mass  was  ele- 
vated, bringing  muddy  sediments  into  the  region  under  discussion, 
and  the  marine  fauna  was  driven  to  the  west.     The  elevation  of  the 
sea-floor  and  the  sedimentation  from  rivers  resulted  in  a  deposit 
of  muddy  and  sandy  material  over  the  continental  shelf.     Soon  these 
deposits  reached  the  ocean  level,  and  a  marsh  was  inclosed  in  which 
the  Elklick  coal  was  formed.     This  coal  is  thin  and  very  variable  in 
Maryland,  but  whether  this  is  due  to  the  conditions  of  its  formation 
or  to  its  subsequent  erosion  is  not  known.     It  seems  probable  that 
the  elevation  which  rendered  the  formation  of  the  coal  possible  con- 
tinued to  some  extent  during  and  after  its  formation,  and  that  thust* 
not  onlv  was  the  surface  of  the  coal  somewhat  eroded  but  the  slio 
was  transferred  far  to  the  westward,  and  the  continent  sufficient! 
raised  so  that  stream  action  was  greatly  accelerated.     This  elevatio 
terminated  the  marine  history  of  this  region  and  of  the  entire  nortlx— 
ern  Appalachian  coal  fields. 

It  is  also  probable  that  from  this  time  on  differential  uplift  played 
a  greater  and  greater  part.  The  warping  of  the  crust  increased  the 
elevation  more  rapidly  in  the  interior  than  on  the  coast  and  barriers 
due  to  differential  uplift  kept  back  the  sea.  The  thick  deposits  of 
sand  and  gravel  which  were  then  laid  down  form  the  Morgantowii 
sandstone,  the  base  of  which  records  the  break  either  between  the 
niiddle  and  upper  Carboniferous  *  or  between  the  Carboniferous  and 
Permian.* 

It  seems  probable  that  when  the  Morgantown  sandstone  was  depos- 
ited the  Appalachian  gulf  ceased  forever  to  be  marine.  This  was 
due  in  part  to  the  decrease  in  area  of  the  gulf,  especially  at  the  north- 
east end,  in  part  to  the  general  shallowing  of  the  gulf  throughout, 
and  in  part  to  the  fact  that  the  repeated  seaward  tiltings  had  increased 
the  gradient  of  the  westward-flowing  stream,  reducing  at  the  same 
time  that  of  those  flowing  to  the  east,  and  had  thus  diverted  a  large 
amount  of  drainage  from  the  Atlantic  into  the  gulf. 

*  I.  C.  White.  Bull.  65,  U.  S.  Geol.  Survey,  1891,  pp.  19,  70. 

*  I.  C.  White.  Amer.  Geol..  vol.  xxi.  1898.  p.  51. 
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The  Morgantown  sandstone  is  the  product  of  a  great  elevation 
which  transferred  the  previously  accumulated  coastal-plain  deposits 
into  the  sea,  eroding  and  then  burying  the  marine  and  coastal-marsh 
deposits  which  had  been  formed  in  the  time  just  passed.  This  eleva- 
tion' was  in  large  part  differential,  and  the  land  areas  were  elevated 
more  than  the  sea  and  coast.  As  far  as  the  coast  was  concerned  the 
elevation  did  not  continue  long.  In  fact  it  is  highly  probable  that 
after  a  very  short  time  the  coast  began  to  be  submerged.  Due  in 
part  to  this  reverse  movement  which  may  have  involved  to  some 
extent  the  whole  land-mass,  and  in  part  to  the  fact  that  erosion  was 
counteracting  the  effect  of  elevation,  the  sediments  gradually  became 
finer.  The  upper  part  of  the  Morgantown  sandstone  grades  into  a 
sandy  shale,  in  which  is  included  the  Lonaconing  coal,  the  product  of 
a  marsh  which  existed  toward  the  close  of  Morgantown  time. 

The  red  and  green  shales  which  frequently  overlie  the  Morgan- 
town  sandstone  record  a  time  in  which  a  large  part  of  the  land  lay 
Tiear  base-level  and  only  the  finer  sediments  reached  the  sea.  Toward 
the  latter  part  of  this  epoch  a  fresh  water  limestone  (the  Clarksburg 
limestone)  was  laid  down.  The  next  step  was  the  development  of  a 
very  extensive  coal  marsh  in  which  the  Franklin  or  Little  Clarksburg 
coal  was  formed. 

The  Connellsville  sandstone  records  another  seaward  tilting  which 
spread  the  sand  and  gravel,  which  had  failed  to  reach  the  sea  during 
the  preceding  time,  over  the  finer  deposits. 

Connellsville  time  was  followed  by  a  submergence  and  a  time  of 
quiet  in  which  little  sand  and  no  gravel  passed  the  shore-line.  Fine 
sands  alternated  with  clavs  and  limv  muds.  Several  coal  marshes 
were  developed  but  these  were  of  local  extent.  The  epoch  was  marked 
by  gentle  and  somewhat  irregular  submergence  and  slow  sedimenta- 
tion. Finally  the  bottom  of  the  greater  part  of  the  gulf  was  brought 
near  water  level  and  the  Conemaugh  epoch  ended. 

The  Monongahela  Epoch, 

Monongahela  time  began  with  the  growth  of  vegetation  on  the 
even  surface  which  was  formed  in  the  Appalachian  gulf  during  the 
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closing  days  of  Coiiemaugh  time.  This  was  the  Pittsburg  marsh 
and  in  it  was  formed  the  Pittsburg  coal.  The  Pittsburg  marsh  was 
of  long  duration,  and  conditions  were  of  remarkable  uniformity  in 
its  various  parts.  Such  changes  as  took  place,  for  example,  the  inter- 
ruption of  vegetable  growth  by  the  deposition  of  mud,  extended  over 
broad  areas.  The  epoch  of  the  Pittsburg  coal  was  ended  by  a  very- 
gentle  and  widespread  submergence  without  tilting,  which  brought 
the  marsh  below  the  waters  so  that  it  was  covered  bv  fine  mud. 
That  the  land  areas  shared  in  this  submergence  is  shown  by  the  fact 
that  coarse  material  is  not  included  in  this  covering.  The  waters 
soon  became  deep  and  clear  enough  for  a  deposit  of  limestone  (Red- 
stone) to  form.  The  formation  of  this  limestone  brought 
the  sea-bottom  again  near  the'  surface  of  the  water  and  a  marsh 
developed  in  which  the  Redstone  coal  was  formed.  The  next  step 
was  another  gradual  submergence  which  involved  land  and  sea  areas 
alike,  and  resulted  in  the  deposition  of  more  shale  and  limestone. 
This  limestone  (Sewickley)  is  somewhat  irregular  in  extent  and  occa- 
sionally grades  laterally  into  the  shale.  The  water  w^as  not  even- 
where  deep  enough,  or  far  enough  removed  from  the  mouths  of  rivers 
for  limestone  to  form. 

After  the  formation  of  the  limestone  the  land  rose  and  a  coal 
marsh  formed  and  migrated  westward  along  the  receding  shore.  In 
this  marsh  the  Sewickley  coal  was  formed.  The  presence  in  some 
regions  of  two  Sewickley  coals  separated  by  an  inten'al  of  shale  indi- 
cates that  the  Sewickley  marsh  was  locally  submerged,  and  that  the 
last  stages  of  the  marsh  were  spread  in  some  regions  directly  over 
its  old  surface,  and  in  others  over  the  muds  which  had  there  buried 
the  older  part  of  the  marsh.  The  Maryland  region  was  one  of  the 
latter  type. 

After  the  formation  of  the  Upper  Sewickley  coal  the  sea-bottom 
sank  with  evidently  some  differential  movement.  The  submergence 
was  probably  greater  in  the  region  which  is  now  western  Pennsyl- 
vania and  Ohio  than  in  West  Virginia  and  Maryland.  In  Maryland 
and  West  Virginia  shale  and  sandstone  were  deposited,  while  in  Ohio 
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and  western  Pennsylvania  the  deposits  were  of  limestone  and  shale. 
Immediately  after  the  deposition  of  the  main  mass  of  limestone  or 
of  sandstone,  a  coal  marsh  was  locally  develoi)ed  and  in  it  the  Union- 
town  coal  was  formed.  Submergence  followed  this,  and  a  deposit 
of  shale  and  sandstone  was  laid  down.  Then  the  waters  became 
deeper  and  the  Waynesbiirg  limestone  was  formed.  Subsequently 
the  waters  became  extremely  shallow  and  a  marsh  was  developed,  in 
which  the  Waynesburg  coal  was  formed.  The  final  interruption  of 
vegetable  growth  and  burial  of  this  swamp  ended  Monougahela  time, 
and  with  it  the  Carboniferous. 

TUE    PERMIAN    PERIOD. 

I'he  Dunkard  Epoch. 

Dunkard  time  began  with  the  gentle  submergence  which  buried 
the  Waynesburg  marsh.  The  events  of  this  epoch  in  Maryland  are 
not  well  known  because  the  rocks  are  not  well  exposed.  It  was  evi- 
dently a  time  of  gentle  and  continuous  submergence,  and  of  slow 
sedimentation  in  fresh  or  brackish  water. 

There  is  no  record  presented,  in  the  Maryland  rocks,  of  the  last 
half  of  the  Dunkard  epoch.  Sedimentation  probably  continued  in 
tliis  region  until  the  Appalachian  gulf  was  finally  filled.  This  ended 
the  Paleozoic  sedimentary  record  in  this  part  of  the  world. 

THE    MESOZOIC    AND    CENOZOIC    ERAS. 

The  Pre-Qiuitemary  Periods. 

The  Maryland  coal  district,  like  the  rest  of  the  Appalachian  region, 

Was  a  land  area  during  the  entire  Mesozoic  and  Cenozoic  time.     It 

"received  no  sediment,  but  was  a  region  subject  to  uplift,  folding,  and 

erosion.     There  is  no  chronologic  record  of  the  process  of  folding  to 

which  these  rocks  have  been  subjected.     The  present  structure  shows 

the  final  result  of  the  folding  without  any  historical  details.     The 

folding  took  place  at  no  great  depth  below  the  surface  and  was  not 

accompanied  by  any  sudden  or  violent  movement.     It  may  have 

occurred  at  one  or  at  several  periods. 
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The  Qvxiternary  Period. 

Quaternary  time  in  the  district  was  a  period  of  erosion  accom- 
panied by  the  local  and  temporary  deposition  of  sediments  along  the 
water  courses  and  behind  barriers  of  resistant  rock.  The  minor  de- 
tails of  this  history  were  complex  and  no  adequate -refjord  of  them 
has  been  preserved. 

The  history  is  one  of  continued  erosion  retarded  here  and  there 
by  the  shifting  barriers  of  sandstone  and  conglomerate  ledges  across 
the  streams.  Behind  these  barriers  small  deposits  of  sand  and  clay 
accumulated.  Probably  at  no  time  in  the  Quaternary  did  conditions 
over  the  region  as  a  whole  differ  much  from  those  existing  at  present. 


In  the  review  of  the  sedimentarv  record  we  have  seen  how  eleva- 
tion  and  subsidence  followed  each  other  with  varying  rapidity  while 
the  large  volume  of  Paleozoic  sediments  was  being  deposited.     It 
seems  probable  that  during  this  time  some  lateral  pressure  was  also 
exerted   upon  these  sediments,   producing  incipient  anticlines  and 
synclines.     It  was  not,  however,  until  near  the  close  of  Paleozoic 
time  that  structural  changes  of  exceptional  magnitude  were  mani- 
fested   throughout    the   entire    Appalachian    province.     The    strata 
which  had  been  deposited  upon  each  other  in  an  approximately  hori- 
zontal position  were  then  squeezed  and  folded  to  an  enormous  degree, 
the  forces  being  applied  laterally  in  a  direction  perpendicular  to  the 
course  of  the  present  mountain  ranges.     How  long  this  compression 
continued  is  not  known.     Suffice  it  to  say  that  the  earliest  Mesozoic 
records  show  a  new  axis  of  drainage  and  that  most  of  the  rivers,  in- 
stead of  flowing  to  the  west  as  the  Paleozoic  rivers  had  done,  were 
then  flowing  to  the  east. 

That  there  has  been  vertical  upward  movement  of  importance  since 
the  close  of  Paleozoic  time  is  evidenced  by  the  development  of  well- 
marked  physiographic  features,  such  as  the  Cretaceous  and  Tertiary 
peneplains  and  the  various  river  terraces  found  along  the  streams  of 
the  county. 


CORRELATION  OF  THE  FORMATIONS  AND 

MEMBERS 

BY 

WM.  BULLOCK  CLARK  and  GEO.  C.  MARTIN 


The  coal  deposits  of  Maryland  constitute  part  of  tlie  series  of  Coal 

Measures  of  the  northern  Appalachian  field.     They  have  frequently 

in  the  past  been  considered  by  geologists  independently  of  the  deposits 

of  the  same  age  in  the  adjacent  states  of  Pennsylvania  and  West 

Virginia  and  a  local  classification  of  formations  and  coal  beds  has 

"been  at  various  times  proposed.     This  has  been  in  large  measure  due 

to  the  fact  that  the  study  of  the  Maryland  Coal  Measures  lias  l>een 

mainly  confined  to  the  Georges  Creek  basin,  a  deep  synclinal  trough 

that  presents  the  only  full  representation  of  the  formations  of  the 

Coal  Measures  within  the  limits  of  the  State,  but  which  is  entirelv 

detached  from  the  main  areas  of  the  Coal  Measures  in  the  adjoining 

states.     Very  little  consideration  has  been  given  in  the  past  to  the 

less  complete  series  of  coal  deposits  found  to  the  westward  in  Garrett 

County  for  the  reason  that  these  relatively  less  important  basins  have 

been  left  practically  undeveloped  imtil  within  the  last  decade. 

The  authors  of  the  present  report  have  been  engaged  for  several 
;years  in  a  study  of  the  Coal  Measures  of  Maryland,  and  are  satisfied, 
both  from  an  intimate  comparison  of  the  sequence  of  deposits  found 
represented  in  Maryland  with  those  of  other  areas  and  from  the  con- 
tinuity of  certain  of  the  beds  with  those  in  adjacent  regions  of  Penn- 
sylvania and  West  Virginia,  that  the  same  conditions  and  the  same 
seams  of  coal  earlier  described  in  adjacent  areas  are  present  in  Mary- 
land and  that  these  names  must  be  adopted  in  classifying  the  Mary- 
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land  deposits.  The  accuracy  of  these  conchisions  are  further  attested 
by  a  study  of  the  floras  and  faunas  which  are  extensive  and  highly  dis- 
tinctive, and  prove  the  equivalency  of  many  of  the  horizons  l)eyond 
all  question.  The  authors  have  been  much  impressed  from  this 
comparison  of  deposits  and  the  fossil  remains  contained  in  them  with 
the  wide  geographic  range  of  even  the  minor  divisions  of  the  Coal 
Measures  of  the  northern  Appalachian  field,  many  of  the  beds  being 
traced  without  difficulty  over  thousands  of  square  miles  with  verv 
little  change  in  physical  characteristics.  Some  of  the  coal  beds 
es])ecially  show  marked  typical  features  that  admit  of  their  ready 
determination.  This  is  seen  not  only  in  the  physical  constitution 
of  the  coal  but  in  the  characteristic  position  and  nature  of  the 
partings. 

The  Coal  Measures  of  the  northern  Appalachian  field,  as  indicated 
in  the  preceding  discussion,  have  been  divided  into  the  following 

formations : 

Table. 


Group.  Formation.  Agre. 

Dunkard Permian  ( ? ) 

Monongahela ^ 

Conemaugh I  Upper  Carboniferous 


Coal  Measures 


AUegheny 
Pottsville. 


( Pennsylvanian ) . 


These  formations,  together  with  their  subdivisions,  are  described  in 
the  succeeding  pages.  Characteristic  sections  accompany  the  text, 
the  character  of  the  deposits  being  represented  in  the  usual  conven- 
tional manner.  That  portion  of  each  section  which  was  concealed  is 
loft  blank.  As  each  section  is  carefully  drawn  to  the  scale  of  1  inch  to 
200  feet  it  will  be  an  easv  matter  to  determine  the  thickness  of  the 
several  members.  Here  and  there  slight  changes  in  the  character  of 
the  material  as  compared  with  typical  sections  of  western  Pennsyl- 
vania are  apparent,  but  in  general  the  character  and  position  of  the 
several  beds  are  remarkably  similar.  Some  differences  in  the  thick- 
ness of  the  individual  members  appear  but  they  conforrii  for  the  most 
part  to  the  recognized  changes  that  affect  the  eastern  margin  of  the 
northern  Appalachian  field. 
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PoTTSVILLE  FORMATIOX, 


Composition  and  Relations. — The  strata  here  referred  to  the  Potts- 
vilte  formations  consist  of  conglomerates,  saiidstdnes,  shales,  fire-clays, 
aod  coals  which  reach  from  325  to  380  feet  in  thickness.  The  tliick- 
ne83  is  apparently  greatest  in  the  southoasteni  part  of  the  region  nn- 
der  discussion  and  decreases  toward  the  nortli  and  west. 


I 


Hi    si     ;i 


AUrglienii  Formalton  (11 -K) 

e    Upp«r 

PolttvUU  FonaaUon 

B    Qimter 

10    HoiiKwood  nndstone 

»    Hounl  StTige  or  Upper  Mct™- 

S    Shanin' 

8    Uounl  SiTxc  flr«H-li}' 

1     ShlKHl 

T    LowM  Mff»r  toil 

h  Chunk  Formation 

Fio.  21. — Columnar  Sections  of  the  Pottsville  Formation. 

The  Pottsville  formation  in  Maryland  is  of  tlie  western  Pennsyl- 
vania type  and  lacks  the  greatest  thickness  shown  in  the  southern 
anthracite  field  of  Pennsylvania,  where  the  formation  was  named. 
Comparison  of  the  formation,  both  as  a  whole  as  well  as  the  indi- 
vidual members,  with  the  strata  exposed  there  can  at  present  be  made 
only  on  paleontological  evidence.     This  is  not  at  this  time  sufficient 
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for  the  (*oin})lote  correlation,  and  consequently  the  present  discussion 
will  be  restricted  to  a  consideration  of  the  relations  of  the  Maryland 
deposits  with  those  exposed  and  named  in  western  Pennsylvania. 
Professor  Stevenson,  in  a  recent  and  very  elaborate  discussion  of  the 
stratigraphy  and  correlation  of  th'e  Pottsville/  has  grouped  the  mem- 
bers into  two  subf ormations ;  the  Upper  Pottsville  or  Beaver  of 
Lesley,  and  the  Lower  Pottsville  or  Rockcastle  of  Crandall.  The 
former  includes  only  that  part  of  the  Pottsville  which  is  present  in 
Maryland  with  the  addition  of  the  Sharon  sandstone  which  should, 
j)erhaps,  be  included  with  it.  It  would  therefore  be  possible,  and 
may  be  advisable  in  future  and  more  detailed  work  over  broader 
areas,  to  map  the  Beaver  formation  as  a  division  of  the  Pottsville 
group  or  as  a  subfonnation  of  the  Pottsville,  in  which  case  the  beds 
present  in  Maryland  would  be  called  the  Beaver  formation. 

The  U.  S.  Geological  Survey,  in  its  Piedmont  folio,  adopted  the 
name  Blackwater  formation  for  the  deposits  of  this  horizon,  but  in- 
chided  also,  according  to  Mr.  David  White  *  and  Professor  Stevenson/ 
about  196  feet  of  the  strata  belonging  to  the  Lower  Pottsville. 

Basal  contact  (1).* — The  Pottsville  fonnation  everywhere  rests  on 
the  red  and  green  shales  and  sandstones  of  the  Mauch  Chunk  forma- 
tion. There  is  some  local  discordance  of  bedding,  indicating  an 
unconformity  which,  according  to  the  physical  and  floral  proof  of 
Mr.  David  White,  represents  an  overlap  and  probable  erosion  interval 
which  extends  over  the  greater  part  of  the  area  of  the  northern 
Appalachians.* 

*  Carboniferous  of  the  Appalachian  Basin.  Bull.  Geol.  See.  Amer.,  vol.  xv, 
1904.  pp.  37-210. 

=  Deposition  of  the  Appalachian  Pottsville.  Bull.  Geol.  See.  Amer.,  vol.  xv, 
1904,  pp.  267-281. 

H::arboniferous  of  the  Appalachian  Basin.  Bull.  Geol.  Soc  Amer.,  vol.  xv, 
1904.  p.  190. 

*  The  numbers  used  in  this  paper  correspond  to  those  used  on  the  figures. 
There  is  no  intention  to  give  the  coal  seams  and  other  members  of  the  Coal 
Measures  of  Maryland  a  permanent  numbering. 

^  Deposition  of  the  Appalachian  Pottsville.  Bull.  Geol.  Soc.  Amer.,  vol.  xv, 
1904,  pp.  2G7-281. 
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tSharon  sandstone  (2). — A  sandstone  which  probably  nowhere  in 
^Maryland  exceeds  25  feet  in  thickness,  and  is  sometimes  absent,  is 
generally  found  at  the  base  of  the  Pottsville  formation.     It  is  con- 
sidered to  represent  the  Sharon  conglomerate  because  of  its  position 
conformably  below  the  Sharon  coal. 

Sharon  coal  (3). — Good  exposures  of  the  strata  at  the  base  of  the 
Pottsville  are  found  one  mile  below  Westemport,  Allegany  county, 
and  in  the  gorge  of  the  Youghiogheny  river,  below  Swallow  Falls, 
Garrett  county.     At  each  of  these  localities  there  are  beds  of  coal  in 
a  series  of  shales  which  lie  between  the  sandstone  above  mentioned 
and  a  much  thicker  and  more  massive  overlying  sandstone.     Both 
from  the  stratigraphic  position  and  from  the  evidence  *  of  the  abund- 
ant fossil  plants,  these  beds  are  regarded  as  the  equivalent  of  the 
Sharon  coal  group. 

Lower  Connoquenessmg  sandstone  (4). — Overlying  the  shales  of 
t;he  Sharon  group  is  a  mass  of  very  coarse,  thick-bedded,  white,  sand- 
stone, which  from  its  position  is  evidently  the  equivalent  of  the  Lower 
Connoquenessing  sandstone  of  Lawrence  county,  Pennsylvania. 

Quakertown  coal  (5). — Near  the  top  of  the  Lower  Connoquenes- 
sing  sandstone  and  overlain  by  a  similar  thick-bedded  sandstone  is  a 
coal  seam  which  corresponds  in  stratigraphic  position  to  the  Quaker- 
town  coal  of  Quakertown,  Pennsylvania.  The  seam  named  the 
Bloomington  coal '  was  assigned  to  a  stratigraphic  position  correspond- 
ing to  that  of  the  Quakertown  coal ;  but  under  this  appellation  were 
also  included  at  a  few  points  coals  that  are  now  known  to  belong  to 
the  Mount  Savage  and  the  Clarion  seams. 

Upper  Connoquenessiyig  sandstone  (6). — Overlying  the  Quaker- 
town  coal  is  a  coarse  white  sandstone  about  75  feet  in  thickness,  which 
corresponds  to  the  Upper  Connoquenessing  sandstone  described  by 
Dr.  I.  C.  White,  from  Lawrence  county,  Pennsylvania. 

*Mr.  David  White,  after  an  examination  of  the  fossils,  has  informed  the 
authors  that  he  considers  them  to  belong  to  the  horizon  of  the  Sharon  coal. 

'The  Physical  Features  of  Allegany  County.  Md.  Geol.  Survey,  1900,  pp. 
115,  170. 
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Lower  Mercer  coal  (7). — A  very  short  distance  above  the  top  of 
the  Upper  Coniioquenessing  sandstone  is  a  thin  ooal,  which  corre- 
sponds in  its  position  with  reference  to  the  underlying  and  overlying 
beds  to  the  Lower  Mercer  coal  of  western  Pennsylvania. 

Mount  Savage  fire-clay  (8). — Above  the  Lower  Mercer  coal,  or 
on  top  of  the  Connoqiienessing  sandstone  when  that  coal  is  absent,  is 
the  Mount  Savage  fire-clay,  so  named  from  its  typical  development 
near  the  town  of  Mount  Savage,  Allegany  County,  Maryland.  The 
bed  consists  of  a  mass  of  soft  gray  shale  from  5  to  12  feet  in  thick- 
ness, which  softens  readily,  on  exposure  to  the  weather,  to  a  plastic, 
very  refractory  clay.  As  nodules  in  this  mass,  or  replacing  part  or 
all  of  it,  is  the  flint-clay,  which  differs  from  the  plastic  clay  in  not 
becoming  plastic  either  by  grinding  or  on  exposure  to  the  weather. 
The  genetic  difference  between  the  two  varieties  is  not  known,  and 
there  seems  to  be  no  regularity  in  distribution  between  them. 

Mount  Savage  or  Upper  Mercer  coal  (9). — Immediately  above  the 
Moimt  Savage  fire-clay  is  a  seam  of  coal  varying  in  thickness  from 
2  to  4  feet.  It  is  the  seam  which  has  long  been  known  in  the  northern 
end  of  the  Georges  Creek  basin  as  the  Mount  Savage  coal,  and  is 
possibly  the  same  as  the  Upper  Mercer  coal  of  Professor  H.  D. 
Rogers.  The  seam  which  was  named  the  Westemport  coal  *  in  the 
southern  Georges  Creek  basin  is  the  same  as  this.  The  shales  asso- 
ciated with  this  coal  carry  an  abundant  flora,  which  Mr.  David  White, 
after  examination,  informs  the  authors  is  identical  with  the  Mercer 
flora. 

Homeivood  sandstone  (10). — A  massive  sandstone,  varying  in 
thickness  from  30  to  100  feet,  is  found  a  short  distance  above  the 
ilount  Savage  coal.  This  was  formerly  called  the  Piedmont  sand- 
stone. From  its  position  between  the  Mercer  coal  group  and  the 
base  of  the  Allcglieny  formation,  it  is  evidently  identical  with  the 
Ilomewood  sandstone  of  Pennsvlvania. 

'The  Physical  Features  of  Allegany  County.     Md.  Geol.  Survey,  1900,  pp. 
115,  170,  171. 
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Alleohent  Fobmation. 

Composition  and  relations. — The  Allegheny  formation  consists  of 
a  series  of  sandstones,  shales,  limestones,  and  coal  seams  having  a 
total  thickness  in  Maryland  of  from  260  to  350  feet.  The  thickness 
is  greatest  in  the  southern  and  eastern  parts  of  the  area,  in  this 
respect  corresponding  to  the  Pottsville. 


1|-s 

1^1 


m 


U    VppM  Fiwport  UmMlmie  (Bo- 

llvBr  flre-cl^') 
43    I'ppw     Prwport     or    Roiriiig 

a    Ixnrer  Pneport  coal 

SI    Ijiwer  Preepori  llmtatoiM 

20    Jjowtt  Freeport  ii-'----- 


19  Upper  KKUnninir  null 
1R  Mi  J  die  KitluininK  coil 
17    I^wer  KiltannW  ciul 


Uvllle  FormalU 


Fio.  22. — Columnar  Sectloas  ot  the  Allegheny  Formation. 

The  name  "  Allegheny  series  "  was  proposed  by  H.  D.  Rogers  In 
1840  '  to  include  the  strata  from  tlie  lowest  bed  osjinsed  iit  Pittsbnrp 
down  to  tlie  "  sandstones  and  conglomerate  at  the  bottom  of  the  coal 
formation."     The  type  section  is  along  the  Allegheny  river  between 


■Fourth  Annual  Report  of  the  Geological  Survey  of  the  State  of  Pennsyl- 
vania, p.  ISO. 


298  REPORT    ON    THE    COALS    OF    MARYLAND 

Pittsburg  and  Warren.  In  later  usage  the  formation  has  been 
restricted  by  cutting  off  the  upper  part,  which  now  constitutes  the 
Conemaugh  formation.  The  Allegheny  formation  was  also  known 
under  the  name  of  the  Lower  Productive  Coal  Measures  or  Lower 
Productive  Measures.  The  U.  S.  Geological  Survey,  in  its  Pied- 
mont folio,  proposed  the  name  Savage  formation  for  the  lower  part 
of  the  Allegheny  formation,  including  the  Davis  coal,  and  the  name 
Bayard  formation  for  the  upper  part  of  the  Allegheny  formation  and 
lower  part  of  the  Conemaugh  formation  up  to  and  including  the 
Four-foot  coal  of  the  Potomac  valley. 

Brookville  coal  (11). — A  seam  of  coal  varying  from  1  to  4  feet  in 
thickness  sometimes  occurs  at  or  very  near  the  base  of  the  Allegheny 
formation.  This  is  in  the  stratigraphic  position  of  the  Brooln^ille 
coal.  It  has  been  known  in  Maryland  as  the  Bluebaugh  coal,  and 
was  so  called  in  the  Report  on  the  Geology  of  Allegany  County. 

Clarion  coal  (12). — A  seam  of  coal  approximating  2*  feet  in 
thickness  is  found  in  an  interval  of  from  12  to  30  feet  above  the 
Brookville  coal,  or,  in  the  absence  of  that  coal,  about  the  same  dis- 
tance above  the  base  of  the  formation.  This  seam  corresponds  in 
position  to  the  Clarion  coal.  It  has  been  hitherto  known  in  Mary- 
land as  the  Parker  coal,  and  was  so  called  in  the  Report  on  the  Geol- 
ogy of  Allegany  County. 

Clarion  sandstone  (13). — Separated  from  the  Clarion  coal  by  a 
thin  series  of  shales,  there  is  frequently  a  massive  sandstone,  which 
sometimes  reaches  as  much  as  70  feet  in  thickness.  It  is  especially 
well  developed  along  the  Potomac  river  in  Garrett  county,  where  it 
can  readilv  be  mistaken  for  the  Homewood  sandstone.  This  sand- 
stone  is  in  the  stratigraphic  position  and  has  the  lithologic  character 
of  the  Clarion  sandstone  of  Pennsvlvania. 

Vanport  or  Ferriferous  limestone  (14). — A  short  distance  above 
the  Clarion  sandstone,  or  the  horizon  for  it,  is  a  limestone  a  few  feet 
in  thickness.  This  limestone  has  been  seen  at  only  a  few  points  in 
the  southern  part  of  Garrett  county.  At  all  of  these  localities  it  is 
evidently  of  fresh-water  origin,  and  contains  no  fossils  except  Ostra- 
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coda.  In  the  bore-hole  four  miles  northwest  of  Oakland  a  thin  lime- 
stone with  marine  fossils  was  encountered  at  this  horizon.  It  is  the 
position  of  the  Vanport  or  "  Ferriferous  "  limestone  of  Pennsylvania, 
and  is  possibly  the  equivalent  of  the  Putnam  Hill  limestone  of  Zanes- 
ville,  Ohio. 

Kittanning  sandstone  (15). — The  interval  between  the  Vanport 
limestone  and  the  next  coal  above  is  usually  occupied  by  shale.  In 
the  bore-hole  four  miles  northwest  of  Oakland,  where  this  interval  is 
large,  it  is  occupied  in  part,  however,  by  sandstone.  This  sandstone 
corresponds  in  position  to  the  Kittanning  sandstone  of  Pennsylvania. 

*'  Split-six"  coal  (16). — Separated  from  the  Vanport  limestone 
by  a  variable  thickness  of  shale  is  a  seam  of  coal  about  4  feet  in  thick- 
ness, but  too  impure  to  mine.  This  is  best  developed  in  the  southern 
end  of  the  Georges  Creek  valley,  where  it  is  known  as  the  "  Split- 
six."  It  does  not  appear  to  have  any  named  equivalent  in  other 
regions,  unless  it  is  the  Scrubgrass  or  Upper  Clarion  coal  of  Penn- 
sylvania. 

Lower  Kittanning  coal  (17). — A  seam  of  coal  of  great  persistence, 
which  can  be  seen  at  almost  every  point  where  strata  of  this  horizon 
are  exposed,  occurs  at  an  interval  of  from  90  to  140  feet  above  the 
base  and  from  170  to  210  feet  below  the  top  of  the  Allegheny  forma- 
ation.  This  seam  corresponds  in  stratigraphic  position  to  the  Lower 
Kittanning  coal  of  Pennsylvania. 

Middle  Kittanning  coal  (18). — Another  seam  of  equal  persistence 
is  found  at  a  distance  of  from  a  few  inches  to  30  feet  above  the  top 
of  the  Lower  Kittanning  coal.  Over  broad  areas  it  is  so  close  to  the 
Lower  Kittanning  that  the  two  form  practically  one  seam.  The 
upper  of  these  closely  associated  seams  is  probably  the  equivalent  of 
the  Middle  Kittanning  coal  of  Pennsylvania. 

The  Lower  and  Upper  Kittanning  coals  are  called  in  the  upper 
Potomac  basin  the  Davis  coal,  and  locally  in  the  lower  Georges  Creek 
basin  and  in  the  vicinity  of  Piedmont,  West  Virginia,  by  the  name 
of  the  "  Six-foot." 

Upper  Kittanning  coal  (19).-  -Separated  from  the  Middle  Kittan- 
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ning  coal  by  from  30  to  60  feet  of  shale  and  sandstone  is  a  seam  of 
coal  from  1  to  3^  feet  in  thickness.  This  is  in  the  position  of  the 
Upper  Kittanning  coal. 

Lower  Freeport  sandstone  (20). — A  'vhovt  distance  above  the 
Upper  Kittanning  coal  is  a  massive  sandstone  of  variable  thickness, 
which  corresponds  in  j)osition  to  the  Lower  Freeport  sandstone. 

Lower  Freeport  limestone  (21). — A  limestone  16  feet  in  thickness 
was  encountered  at  a  distance  of  28  feet  above  the  Upper  Kittanning 
coal  in  one  of  the  bore-holes  at  Henry.  This  is  the  horizon  of  the 
Low^er  Freeport  limestone  of  Peimsylvania.  This  limestone  has  not 
been  seen  elsewhere  in  Maryland. 

Lower  Freeport  coal  (22). — A  seam  of  coal  of  variable  thickness 
sometimes  appears  at  a  distance  of  from  35  to  60  feet  below  the  top 
of  the  Allegheny  formation.  It  corresponds  in  position  to  the  Lower 
Freeport  coal  of  Pennsylvania. 

Upper  Freeport  or  Roaring  Creek  sandstone  (23). — A  short  dis- 
tance above  the  Lower  Freeport  coal  is  a  very  massive,  sometimes 
conglomeritic,  sandstone.  This  is  the  Upper  Freeport  sandstone  of 
Pennsylvania,  or  the  Roaring  Creek  sandstone  of  West  Virginia, 
recently  described  by  Dr.  I.  (\  Wliite.* 

Upper  Freeport  limestone  and  Bolivar  fire-clay  (24). — Imme- 
diately above  the  Upper  Freeport  sandstone,  or  the  horizon  of  that 
sandstone,  there  sometimes  appears  a  thin  limestone  which  corre- 
sponds in  position  with  the  Upper  Freeport  limestone.  At  several 
places  a  flint  fire-clay  has  been  observed  at  this  horizon,  and  in  such 
cases  the  limestone  is  absent.  A  similar  relationship  has  been  re- 
ported from  Pennsylvania,  where  the  Bolivar  fire-clay  is  regarded  as 
*^  replacing  "  the  Lower  Freeport  limestone. 

Upper  Freeport  coal  (25). — At  the  top  of  the  Allegheny  formation 
is  a  very  persistent  seam  of  coal,  which,  in  its  relationships  to  the 
overlying  and  underlying  strata,  corresponds  to  the  Upper  Freeport 
coal  of  Pennsylvania.     This  seam  has  been  called  the  "  Four-foot  '^ 

'  W.  Va.  Geol.  Survey,  vol.  ii,  1903,  pp.  462,  463. 
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in  the  Georges  Creek  valley  and  the  "  Three-foot "  in  the  Potomac 
valley.  In  the  Piedmont  folio  of  the  U.  S.  Geological  Survey  and 
the  '^  Report  on  the  Geolog;v'  of  Allegany  County  "  it  is  called  the 
Thomas  coal. 

CoNEMAroii   Formation. 

Composition  and  relations. — The  strata  here  referred  to  the  Cone- 
mangh  formation  consists  of  a  series  of  sandstones,  shales,  conglom- 
erates, limestones,  and  coal  seams.  The  total  thickness  varies  from 
nOO  to  700  feet.  The  average  thickness  in  the  Georges  Creek  basin 
is  about  630  feet.  In  the  Potomac  basin  it  is  slightly  less.  In  the 
Castleman  basin  the  only  complete  measurement  obtainable  in  Mary- 
land gave  about  700  feet,  which,  however,  is  100  feet  in  excess  of  the 
thickness  obtained  by  the  Pennsylvania  survey  farther  north  in  the 
same  basin.  The  thickness  in  the  lower  Youghiogheny  basin  is 
slightly  over  600  feet. 

This  formation,  generally  known  hitherto  under  the  name  of  the 
Ix)wer  Barren  Coal  Measures,  or  Lower  Barren  Measures,  was  called 
the  Conemaugh  formation  by  Franklin  Piatt  in  1875  *  from  the  typi- 
cal development  of  these  rocks  along  the  Conemaugh  river,  in  western 
Pennsylvania.  This  formation  has  also  been  known  under  the  name 
of  the  Pittsburg  coal  series  and  the  Elk  river  series,  while  that 
portion  above  the  Four-foot  coal  of  the  Potomac  valley  was  called 
by  the  U.  S.  Geological  Survey  in  its  Piedmont  folio  the  Fairfax 
formation. 

Lower  Mahoning  sandstone  (26). — A  very  massive  and  persistent 
sandstone  from  25  to  50  feet  in  thickness  occurs  at  the  base  of  the 
Conemaugh  formation.  It  corresponds  to  the  lower  part  of  the 
TMahoning  sandstone  of  western  Pennsylvania  and  eastern  Ohio. 

Mahoning  limestone  (27). — Overlying  the  Lower  Mahoning  sand- 
stone is  sometimes  a  bed  of  limestone  corresponding  to  the  Ma- 
honing limestone.     It  has  been  recorded  by  Dr.  T.  C.  WTiite '  from 

*2nd  Geol.  Survey.  Pa.,  H..  p.  8. 

'  U.  S.  Geol.  Survey,  Bun.  65,  1891,  p.  82. 
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a  bore-hole  at  Fairfax,  \V.  Va.,  where  it  has  a  thickness  of  20  feet, 
and  occtirs  at  a  distanre  of  42  feet  above  the  base  of  the  formation. 
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Ill  the  Imre-liole  at  Tennings  mill,  in  the  Castleinan  bnfliii,  it.  is  appar- 
ently rei)ivsented  by  a  bed  of  carbonate  of  iron  tJiree  feet  in  thiekneas 
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and  is  about  20  feet  above  the  base  of  the  formation.  This  corre- 
sponds to  the  Johnstown  iron  ore,  which,  in  Pennsylvania,  is  recog- 
nized as  occurring  at  the  horizon  of  the  Mahoning  limestone. 

Mahoning  coal  (28). — In  the  absence  of  the  Mahoning  limestone 
there  frequently  appears  in  its  place  a  thin  seam  of  coal,  known  in 
Pennsylvania  and  West  Virginia  as  the  Mahoning  coal. 

Upper  Mahoning  sandstone  (29). — The  Upper  Mahoning  sand- 
stone lies  immediately  above  the  black  roof  shales  of  the  Mahoning 
coal,  or  the  Mahoning  limestone,  as  the  case  may  be ;  or,  in  the  absence 
of  both  the  coal  and  the  limestone,  it  forms  one  continuous  mass  with 
the  Lower  Mahoning  sandstone.  It  varies  much  in  lithologic  char- 
acter and  thickness.  Sometimes  it  is  very  massive  and  conglom- 
eritic,  while  at  other  times  it  is  thin-bedded  and  shaly. 

Brush  CreeJc  coal  (30). — A  seam  of  coal  having  a  thickness  of  from 
18  to  24  inches,  and  without  partings,  is  found  in  a  position  varying 
from  85  to  125  feet  above  the  base  of  the  formation.  From  its  jwsi- 
tion  above  the  Mahoning  sandstone,  and  more  especially  from  its 
relation  to  the  overlying  fossiliferous  beds,  this  is  regarded  as  the 
equivalent  of  the  coal  formerly  called  "  Masontown  "  by  Dr.  I.  C. 
White,'  although  it  is  not  the  Masontown  coal  of  the  type  locality 
(Masontown,  Preston  county,  West  Virginia)  which  has  recently 
been  shown  by  Dr.  I.  C.  White '  to  belong  at  the  Bakerstown  horizon. 
The  coal  which  actually  occurs  at  the  supposed  horizon  of  the  Mason- 
town coal  was  renamed  Mason  bv  Dr.  I.  C.  White  *  from  the  occur- 

■.' 

rence  at  Mason,  Kanawha  Coimtv,  W.  Va.  The  name  Farmington 
coal  was  applied  by  Mr.  M.  R.  Campbell  *  in  1902  from  the  occur- 
rence of  the  coal  at  Farmington,  Fayette  County,  Pennsylvania,  and 
antedates  Mason  by  about  a  year.  The  Brush  Creek  coal  of  the 
Pennsylvania  Survey  belongs  at  this  horizon,  and  that  name,  being 
the  oldest,  should  be  used. 

*U.  S.  Geol.  Survey,  Bull.  No.  65,  1891.  pp.  72-85.  94-95. 

*  W.  Va.  Geol.  Survey,  vol.  ii,  1903,  pp.  268,  285. 
*Li0C.  cit.,  p.  285. 

*  Masontown-Uniontown  Folio,  U.  S.  Geol.  Survey,  Geol.  Atlas,  folio  82,  p.  12. 
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Lower  Cambridge  limestone  (31). — Separated  from  the  Brush 
Creek  coal  bv  about  five  feet  of  fissile,  black  carbonaceous  shale  is  a 
band  of  calcareous  shale  or  bituminous  limestone,  usually  about  eight 
inches  in  thickness.  This  limestone  and  the  overlying  shales  are 
filled  with  well  preserved  marine  fossils.  The  fauna  is  very  rich, 
both  in  individuals  and  in  species.  Xo  detailed  study  has  as  yet 
been  made  of  it,  but  enough  species  have  been  determined  to  make  it 
certain  that  it  is  the  fauna  of  the  Lower  Cambridge  limestone  of  Ohio 
and  Pennsylvania.  The  greatest  thickness  of  this  limestone  known 
in  Maryland  was  obtained  in  the  bore-hole  at  Jennings  mill.  Here 
it  is  three  feet  thick,  and  is  overlain  by  four  feet  of  black,  fossiliferous 
shale. 

Buffalo  sandstone  (32). — A  short  distance  above  the  Lower  Cam- 
bridge limestone  is  a  sandstone,  which  sometimes  attains  a  thickness 
of  40  feet.  It  corresponds  with  the  Buffalo  sandstone  of  western 
Pennsylvania,  which  was  formerly  considered  to  be  the  equivalent  of 
the  Upper  Mahoning  sandstone,  but  which  Dr.  T.  C.  White  has  shown 
to  overlie  the  Lower  Cambridge  limestone. 

Grantsville  (''  Beachey '')  coah — This  seam  occurs  in  the  Castle- 
man  basin  only.  Its  position  is  apparently  a  short  distance  below 
the  Bakerstown  seam,  but  cannot  be  exactly  determined.  It  may  be 
a  local  development  of  the  "  Honeycomb  "  or  Bakerstown,  or  may 
belong  as  much  as  60  feet  l)elow  that  seam.  It  is,  however,  more 
than  eighty  feet  alK)ve  the  Brush  Creek  coal.  In  regard  to  its  corre- 
lation it  may  be  said  that  if  it  is  not  a  local  phase  of  the  Bakerstown 
it  has  no  equivalent  in  the  other  coal  basins  of  Maryland.  In  the 
Salisbury  basin  of  Pennsylvania,  of  which  the  Castleman  basin  is  the 
southern  continuation,  there  are  three  coal  seams  between  the  "  Bak- 
erstown "  and  the  "  Masontown  "  *  (Brush  Creek)  which  have  no 
recognized  equivalent  elsewhere.  The  ''  Beachey  "  seam  is  probably 
one  of  these,  but  there  is  no  positive  evidence  as  to  which  it  is.     It 

*  L  C.  White,  Bull.  U.  S.  Geol.  Survey,  No.  65,  1891,  p.  76. 
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was  named  the  Grantsville  coal '  from  its  typical  development  near 
the  town  of  that  name. 

Upper  Cambridge  limestone  (33). — In  the  river  bluff  north  of 
Friendsville  there  are  two  thin  limestone  beds  at  intervals  of  32  and 
50  feet  respectively  above  the  Lower  Cambridge  limestone.  One  or 
both  of  these  probably  represent  the  Upper  Cambridge  limestone  of 
Ohio.     Both  beds  carry  marine  fossils. 

Lower  red  shales. — The  interval  betweeen  the  top  of  the  Buffalo 
sandstone  and  the  under  clay  of  the  Bakerstown  coal  contains  a  large 
amount  of  red  and  green  shale.  The  Upper  Cambridge  limestones 
occur  in  these  shales,  and  the  red  shales  themselves  carry  fossils. 
These  red  beds  are  very  persistent,  and  their  outcrop  can  be  easily 
traced  throughout  the  Lower  Youghiogheny  basin.  They  were  en- 
<»untered  at  their  normal  position  in  the  bore-hole  at  Jennings  mill, 
in  the  Castleman  basin,  and  are  evidentlv  the  beds  known  bv  that 
name  in  Pennsylvania. 

Bakerstown  coal  (34). — A  very  persistent  seam,  which  in  some  dis- 
tricts is  of  considerable  economic  importance,  occurs  at  an  inter- 
val varying  from  90  to  135  feet  above  the  Brush  Creek  coal.  The 
thickness  of  the  coal  varies  from  two  to  five  feet.  This  seam  occupies 
the  stratigraphic  position  of  the  Bakerstown  coal  of  Pennsylvania. 
It  is  the  locally  recognized  Barton  coal,  described  by  that  name  in 
the  Report  on  the  Geology-  of  Allegany  County,  but  apparently  not 
the  Barton  coal  of  the  Pennsylvania  reports.'  In  the  Georges  Creek 
basin  it  is  commonlv  kno^vn  as  the  "  Three-foot,"  in  the  Potomac 
valley  as  the  "  Four-foot,"  and  in  the  Castleman  valley  as  the 
^^  Honeycomb  "  seam. 

Saltsburg  sandstone  (35). — A  massive  cross-bedded  sandstone, 
about  30  feet  in  thickness,  occurs  above  the  Bakerstown  coal,  and  is 
separated  from  it  by  a  variable  thickness  of  shale.  This  sandstone 
is  evidently  the  Saltsburg  sandstone  of  Professor  Stevenson,*  so  named 
from  its  occurrence  at  Saltsburg,  Pennsylvania. 

*  The  Physical  Features  of  Garrett  County.     Md.  Geol.  Survey,  1902,  p.  136. 

*  2d  Geol.  Survey,  Pa.,  KK,  1877,  pp.  67,  68. 
'  2d  Geol.  Survey.  Pa.,  KKK,  1878,  p.  22. 
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Maynadier  coal. — This  seam  which  is  locally  known  as  the  "  slate 
vein,"  is  apparently  confined  to  the  Castleman  basin  and  occurs  at  an 
interval  of  about  40  feet  above  the  Bakerstown  coal. 

The  strata  immediately  overlying  the  Bakerstown  coal  are  well 
exposed  in  the  Castleman  valley  in  the  railroad  cut  one  mile  south  of 
the  National  Road.  This  section  is  part  (Nos.  24  to  34)  of  the 
complete  Conemaugh  section  given  on  page  253.  The  coal  seam  40 
feet  above  the  Bakersto^\Ti  and  the  limestones  underlying  it  have  not 
been  recognized  in  Maryland  outside  of  this  basin,  but  the  coal  at 
least  appears  to  be  very  constant  within  the  basin.  The  name  May- 
nadier coal  *  has  been  given  it  from  its  development  at  the  west  end 
of  Maynadier  Ridge.  Neither  the  coal  nor  the  limestone  can  be 
correlated  with  any  members  of  the  Conemaugh  hitherto  described 
from  other  regions.  In  other  basins  this  interval  is  generally  con- 
cealed or  only  poorly  exposed. 

Friendsville  coal, — This  seam  occurs  at  an  interval  of  from  90  to 
160  feet  above  the  Bakerstown  coal.  The  interval  is  about  100  feet 
in  the  Georges  Creek  basin,  160  feet  in  the  Castleman  basin,  and  90 
feet  in  the  Lower  Youghiogheny  basin.  This  coal  is  a  thin  but  very 
persistent  and  characteristic  seam,  which  has  been  of  the  greatest 
service  in  correlation.  This  seam  is  the  same  as  the  one  which  has 
been  called  the  "  Crinoidal  coal "  in  the  Pennsylvania  reports  and 
the  *^  Crinoidal  coal "  or  "  Coal  8b  "  in  the  Ohio  reports.  It  is  pos- 
sible also  that  the  "  Piatt  coal "  of  the  Somerset  basin  may  be  the 
same  as  the  "  Crinoidal."  The  coal  is  well  exposed  apd  has  been 
mined  for  local  use  at  several  places  in  the  Castleman  basin  and  in 
the  Lower  Youghiogheny  basin  near  Friendsville,  Garrett  county, 
from  which  occurrence  *  it  received  its  name,"  and  also  at  many  places 
in  the  northern  end  of  the  Georges  Creek  basin,  where  it  attains  the 

» The  Physical  Features  of  Garrett  County.    Md.  Geol.  Survey,  1902,  p.  136. 

'  The  Physical  Features  of  Garrett  County,  loc.  cit,  p.  136. 

•It  should  be  noted  that  this  is  not  the  same  as  the  BYiendsvIUe  (lUnois) 
coal  of  Fuller  and  Ashley  (Bull.  213,  U.  S.  Geol.  Survey,  1903,  pp.  292,  239) 
and  of  Fuller  and  Clapp  (U.  S.  Geol.  Survey,  folio  105,  1904,  p.  8). 
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thickness  of  28  inches,  the  greatest  known  in  Maryland.  One  of 
these  old  mines  near  Mount  Savage  was  visited  by  Lyell  in  1842,  who 
described  the  occurrence  of  coal,  its  position  and  thickness,  and  gave 
a  list  of  fossils  found  in  the  overlying  shales/ 

Ames  or  Crinoidal  limestone  (37). — The  Friendsville  coal  is  over- 
lain bv  either  a  limestone  or  a  calcareous  shale  full  of  marine  fossils. 
This  limestone  occurs  in  a  position  exactly  similar,  with  reference  to 
the  overlying  and  underlying  strata,  to  that  of  the  Crinoidal  lime- 
stone of  the  Pennsylvania  reports,  and  to  the  Ames  limestone  of  the 
Ohio  reports.  The  fauna,  as  far  as  known,  is  the  same  as  that  found 
in  this  bed  in  Ohio  and  Pennsylvania.  In  both  of  these  states  and 
in  West  Virginia  the  limestone  is  of  very  great  persistence  and  has 
been  of  the  greatest  service  in  the  correlation  and  location  of  the  coals. 

Elklick  coal  (38). — A  very  thin  and  variable  coal,  which  appar- 
ently represents  the  Elklick  coal  of  Pennsylvania  and  West  Virginia, 
is  found  at  about  36  feet  above  the  Ames  limestone. 

Morgantown  sandstone  (39). — Immediately  above  the  Elklick  coal 
or  its  horizon,  if  the  coal  is  absent,  is  a  very  massive  and  constant 
sandstone,  frequently  conglomeritic  in  part,  which  corresponds  ex- 
actly in  its  stratigraphic  relations  with  the  Morgantown  sandstone, 
so  called  from  its  typical  development  at  Morgantown,  West  Vir- 
ginia. 

Lonaconing  coal. — This  coal  is  typically  developed  in  the  Georges 
Oreek  valley  near  the  town  of  Lonaconing  from  which  occurrence  it 
is  here  given  its  name.  The  coal  occurs  a  short  distance  above  the 
top  of  the  Morgantown  sandstone  and  about  20  feet  below  the  Frank- 
lin coal.  Its  average  thickness  is  about  2  or  2^  feet.  The  coal  has 
not  been  recognized  outside  of  this  region  except  in  Fairfax  Knob 
near  the  headw^aters  of  the  Potomac  river  where  it  is  apparently  rep- 
resented bv  the  seam  27  feet  above  the  Elklick  coal.' 

Clarksburg  limestone  (40). — A  short  distance  al)ove  the  top  of  the 

*  Travels  in  North  America,  with  Geological  Observations  on  the  United 
States,  Canada,  and  Nova  Scotia. 
*W.  Va.  Geol.  Survey,  vol.  ii,  1903,  p.  235. 
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Morgantown  sandstone  is  a  limestone  from  3  to  9  feet  in  thickness. 
This  limestone  has  a  rather  characteristic  appearance  and  contains 
abundant  fossil  fish  and  Ostracoda.  Marine  fossils  are  entirely  ab- 
sent.  In  its  stratigraphic  position,  its  lithologic  characteristics,  and 
the  general  nature  of  its  fauna  this  limestone  corresponds  to  the 
Clarksburg  limestone,  so  called  from  its  occurrence  at  Clarksburg, 
West  Virginia. 

Franklin  or  Little  Clarhshurg  coal  (41). — A  seam  of  coal  which 
is  identical  with  the  Little  Clarksburg  coal  of  Dr.  I.  C.  White  is 
found  immediately  above  the  Clarksburg  limestone.  In  the  Georges 
Creek  basin  this  coal  is  ])opularly  called  the  "  Dirty-nine-foot,"  and 
in  the  Report  on  the  Geology  of  Allegany  County  is  was  named  the 
Franklin  coal  from  its  occurrence  near  the  town  of  Franklin. 

Connellsvilh  sandstone  (42). — A  short  distance  above  the  Frank- 
lin coal  is  a  very  prominent  sandstone  of  considerable  thickness.  It 
is  very  strongly  developed  in  the  Greorges  Creek  and  Potomac  basins, 
where  it  has  a  very  marked  influence  on  the  topography.  This  sand- 
stone is  found  in  the  stratigraphic  position  of  the  Connellsville  sand- 
stone of  southwestern  Pennsylvania. 

Lower  Pittsburg  limestone  (43). — Almost  immediately  above  the 
Connellsville  sandstone  is  a  thin  limestone  containing  no  fossils  ex- 
cept Ostracoda,  as  far  as  observed.  It  has  all  the  characteristic 
features  of  and  evidently  is  the  Lower  Pittsburg  limestone. 

Little  Pittsburg  coal  (44). — Inunediately  above  the  last-named 
limestone  and  about  90  feet  below  the  top  of  the  formation  is  a  seam 
of  coal  from  1  to  3  feet  in  thickness.  Another  thin  coal  frequently 
occurs  30  or  40  feet  above  this  and  50  or  60  feet  below  the  top  of  the 
formation.  These  are  evidently  the  equivalents  of  the  Little  Pitts- 
burg coals,  of  which  there  are  frequently  two,  which  usually  occur  in 
positions  corresponding  to  these. 

MONONGAHELA   FORMATION. 

Composition  and  relations, — The  strata  composing  the  Mononga- 
liela  formation  in  Maryland  consist  of  a  series  of  shales,  sandstones. 
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limestones,  and  coal  seams.  The  thickness  varies  from  240  to  270 
feet,  Tlie  formation  is  entirely  restricted  in  Maryland  to  the 
Georges  Creek-Potomac  basin.  The  name  "  Monongaliela  series  " 
WHS  i>roi)osed  by  H,  D.  Rogers  in  1840'  for  the  Upper  Coal  Meas- 
ures as  exposed  in  the  valley  of  the  Monongahela  river.  The  name 
has  had  a  varied  usage  since  then,  part  of  the  time  being  employed 
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in  a  broader  sense  to  include  the  iipjicr  half  of  the  Coal  Measures. 
The  TJ.  S.  Geological  Survey  in  its  Piedmont  folio  lias  employed  the 
term  Elkgarden  formatioA  for  all  of  the  l>pds  exposed  in  the  Potomac 
basin  above  the  base  of  the  Pittsburg  coal. 
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Pittsburg  coal  (45). — At  the  base  of  the  Monongahela  formation 
is  the  seam  of  coal  known  locally  as  the  "  Big  vein  "  or  '^  Fourteen- 
foot  "  coal.  This  seam  in  its  stratigraphic  relations  to  the  overlying 
and  underlying  beds  corresponds  exactly  to  the  Pittsburg  coaL  The 
fauna  of  the  roof  shales,  as  far  as  our  present  knowledge  goes,  is  the 
same;  and  Dr.  I.  C.  White*  has  pointed  out  the  identity  of  struc- 
ture within  the  bed. 

The  various  elements  composing  the  seam  are  constant  and  charac- 
teristic in  number  and  relative  position.  The  relative  thickness  of 
these  individual  elements  varies  from  place  to  place.  From  the 
Pittsburg  region  toward  the  southeast  there  is  a  gradual  increase  in 
the  thickness  of  the  "  breast "  coal,  which  reaches  a  maximum  in  the 
southern  end  of  the  Georges  Creek  basin,  where  the  entire  bed  has 
been  found  at  a  single  locality  to  reach  22  feet  in  thickness.  There 
is  greater  change  within  the  limits  of  the  Georges  Creek  basin  than 
there  is  between  the  central  part  of  the  Georges  Creek  basin  and  the 
Pittsburg  region.  This  change  consists  chiefly  in  an  increase  in  the 
number  and  thickness  of  the  shales  at  the  expense  of  the  ''  breast  "■ 
coal.  This  seam  was  called  the  Pomeroy  coal  in  the  Ohio  reports 
and  the  Elkgarden  coal  in  the  Piedmont  folio  of  the  II.  S.  Geological 
Survey  and  in  the  Report  on  the  Geology  of  Allegany  County.  The 
name  Pittsburg  coal  was  applied  to  this  seam  by  J.  P.  Lesley  in  1850. 

Redstone  limestone  (46). — A  thin  limestone  is  sometimes  found  a 
few  feet  above  the  Pittsburg  coal.  In  this  region  it  is  commonly 
separated  from  it  by  argillaceous  shales.  It  occurs  in  the  position 
of  the  Redstone  limestone  of  Pennsvlvania. 

Bedstone  coal  (47). — At  an  interval  of  from  18  to  45  feet  above 
the  Pittsburg  coal  is  a  seam  of  coal  which  corresponds  in  position  to 
the  Redstone  coal  of  Pennsylvania.  It  is  apparently  very  constant 
in  the  Georges  Creek  basin,  although  it  has  not  been  prospected  for, 
and  has  accordingly  not  been  opened  at  many  points.  The  thickness 
is  about  4  feet. 

*  The  Pittsburg  Coal  Bed,  Amer.  G«ol.,  vol.  xxi,  pp.  49-60. 
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Sewickley  limestone  (48). — A  l^ed  of  limestone  oociirs  about  10 
feet  above  the  Redstone  coal.  ]t  is  in  the  stratigraphic  position  of 
the  Sewickley  limestone  of  Pennsylvania. 

Lower  Sewickley  coal  (49). — At  an  interval  of  from  25  to  30  feet 
above  the  Sewickley  limestone,  and  from  40  to  45  feet  above  the 
Redstone  coal,  is  a  thin  seam  of  coal  which  has  been  seen  in  the  Bor- 
den shaft  and  the  Pumping  shaft  and  other  places  in  the  Georges 
Creek  basin.  This  seam  occurs  at  the  horizon  of  the  Sewickley  coal. 
As  there  is  another  seam  above  this,  however,  which  still  falls  within 
the  limits  of  the  Sewickley,  and  as  the  Sewickley  coal,  in  being 
traced  westward  from  its  type  locality  by  the  Pennsylvania  geologists, 
has  been  foimd  to  split  into  two  seams,  it  is  considered  probable 
that  the  same  has  taken  place  to  the  eastward.  This  seam  is  therefore 
referred  to  the  Lower  Sewickley. 

Upper  Sewickley  or  Tyson  coal  (50). — A  seam  of  coal  of  great 
persistence  and  considerable  economic  importance  is  found  at  an  in- 
terval of  about  45  feet  above  the  Lower  Sewicklev,  and  from  105  to 
120  feet  above  the  Pittsburg  coal.  This  seam  has  long  been  known 
in  the  Georges  Creek  region  as  the  Tyson  or  "  Gas ''  coal.  As  is 
stated  above,  this  seam  falls  within  the  position  of  the  Sewickley  coal, 
and  probably  corresponds  to  the  upper  split  of  the  Sewickley  in  west- 
ern Pennsylvania  and  eastern  Ohio. 

Sewickley  sayidstone  (51). — Separated  from  the  underlying  Upper 
Sewickley  coal  by  a  variable  thickness  of  shale  is  a  sandstone  whose 
greatest  observed  thickness  in  Maryland  is  about  15  feet.     Dr.  I.  C. 
White,  in  Bulletin  No.  65  of  the  United  States  Geological  Survey, 
epulis  attention  to  the  fact  that  either  a  limestone  or  a  sandstone,  one 
Only,  however,  to  the  exclusion  of  the  other,  occurs  in  the  interval  be- 
t^ween  the  Sewickley  and  the  Uniontown  coals.     Where  sandstone  oc- 
curs in  this  inten'^al  it  is  called  the  Sewickley  sandstone.     The  lime- 
stone, on  the  other  hand,  has  been  differentiated  into  the  Uniontown 
«nd  Benwood  or  "  Great "  limestones.     Throughout  Maryland  the 
limestone  is  apparently  entirely  absent.     This  occurrence  therefore 
confirms  the  generalization  which  Doctor  AVliite  based  on  his  obser- 
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vations  in  Pennsylvania,  West  *  Virginia,  and  Ohio,  namely,  that 
either  the  limestone  or  the  sandstone,  but  never  both,  are  found  in  the 
interval  between  the  Sewickley  and  Uniontovvn  coals. 

Vniontoivn  coal  {^2,), — A  thin  coal  is  fonnd  in  the  Pumping  shaft 
section  near  Frostburg,  about  60  feet  above  the  Upper  Sewickley  coal 
and  close  to  the  top  of  the  Sewickley  sandstone.  It  corresponds  in 
position  and  character  to  the  UniontowTi  coal  of  Pennsylvania. 

Uniontown  sandstone  (53). — A  short  distance  above  the  Union- 
town  coal,  in  the  Pumping  shaft  section,  there  is  a  thin  sandstone 
which  is  probably  a  poor  representation  of  the  Uniontown  sandstone. 

Waynesburg  limestone  (54). — A  limestone  occurs  a  short  distance 
above  the  Uniontown  sandstone  and  from  20  to  30  feet  below  the 
top  of  the  formation  which  corresponds  in  its  stratigraphic  position 
to  the  Waynesburg  limestone  of  Pennsylvania  and  West  Virginia. 

Waynesburg  coal  (55). — There  is  a  very  persistent  coal  seam,  of 
considerable  economic  importance,  that  may  occur  anywhere  in  the 
interval  up  to  20  feet  above  the  top  of  the  Waynesburg  limestone. 
From  its  position,  230  to  250  feet  above  the  base  of  the  Monongahela 
formation,  and  in  its  regular  stratigraphic  sequence,  it  is  regarded  as- 
the  Waynesburg  coal.     In  the  Keport  on  the  Geology  of  Allegany^ 
County  it  was  named  the  Koontz  coal,  from  its  occurrence  at  the  min- 
ing village  of  that  name  near  Lonaconing.    The  identity  of  this  seaiu 
with  the  Waynesburg  seam  now  appears  so  certain  that  the  name 
Koontz  will  be  considered  as  a  synonym.     The  roof  of  this  coal  k 
the  top  of  the  Monongahela  formation. 

DuNKARD  Formation. 

Composition  and  relations. — The  strata  here  referred  to  the  Dunk- 
ard  formation  have  an  extreme  thickness  of  390  feet  in  Maryland. 
It  is  evident  that  the  entire  foimation  is  not  represented.  The  pres- 
ent area  of  the  Dunkard  deposits  in  Maryland  is  restricted  to  a  few 
small  tracts  in  the  central  part  of  the  Georges  Creek  basin.  The  sur- 
face has  so  little  relief  that  there  are  few  good  exposures,  and  it  is 
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Waynesburg  sandstone  (50). — A  sandstone  of  no  very  great  prom- 
inence occurs  a  short  distance  above  the  Waynesburg  coal.  It  prob- 
ably represents  the  WajTiesburg  sandstone,  since  its  stratigraphic 
position  is  the  same. 

Waynesburg  "A  "  coal  (57). — A  thin  coal  which  corresponds  in 
position  to  the  Waynesburg  "  A  "  coal  of  Pennsylvania  and  West 
Virginia  is  found  on  top  of  the  W^ajnaesburg  sandstone,  and  about  45 
feet  above  the  Waynesburg  coal. 

Washington  coal  (58). — About  75  feet  above  the  Waynesburg 
"  A  '^  coal,  and  separated  from  it  by  an  interval  consisting  in  Mary- 
land apparently  of  shales  and  limestones,  is  a  seam  of  coal  whose 
character  is  not  well  known.  The  thickness  of  this  coal  is  about  o-J 
feet  and  its  quality  is  not  kno^^^l.  This  coal  corresponds  in  position 
to  the  Washington  coal  of  Pennsylvania. 

Upper  Washington  limestone  (59). — A  bed  of  limestone  approxi- 
mately 4  feet  in  thickness  occurs  about  170  feet  above  the  Washing- 
ton coal,  and  is  separated  from  it  by  an  interval  of  unknown  rocks, 
apparently  shale  with  some  limestone.  J  t  is  in  about  the  position  of 
the  Upper  Washington  limestone  of  Pennsylvania. 

This  stratum  is  important,  inasmuch  as  its  top  is  the  dividing 
plane  between  the  two  divisions  of  the  Upper  Barren  Measures  or 
Dunkard  formation.  Almost  all  of  the  Dunkard  in  Maryland  falls 
in  the  lower  division  or  Washington  county  group  of  Stevenson,  while 
the  upper  or  Green  county  group  of  Rogers  is  represented  in  Mary- 
land by  only  the  65  to  90  feet  of  strata  overlying  this,  and  which 
cover  an  area  of  only  a  few  acres. 

Jollytown  coal  (60). — A  thin  seam  of  coal  is  found  about  25  feet 
above  the  outcrop  of  the  Upper  Washington  limestone.  It  is  ap- 
parently in  the  stratigraphic  position  of  the  Jollytown  coal  of  Green 
county,  Pennsylvania. 

Jollytown  limestone  (61). — A  limestone  of  apparently  no  very 
great  thickness  is  found  about  15  feet  above  the  Jollytown  coal.  It 
is  in  the  position  of  the  Jollytown  limestone  of  Pennsylvania. 

Above  this  limestone  there  are  no  good  exposures,  and  not  more 
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than  50  feet  of  strata  are  preserved  in  Maryland.     The  highest  bed 
is  a  sandstone  which  caps  the  hill  east  of  Borden  shaft. 

Conclusions. 

The  detailed  comparisons  given  in  the  preceding  pages  show  that 
the  various  members  of  the  Coal  Measures  of  Maryland  closely  re- 
semble those  found  in  Pennsylvania  and  West  Virginia.  They 
clearly  demonstrate  the  fact,  if  any  such  demonstration  is  necessary, 
that  the  various  beds  of  the  Coal  Measures  have  a  wide  geographical 
extent,  and  that  the  individual  coal  beds  possess  certain  marked 
physical  characteristics  that  can  be  readily  distinguished  over  wide 
areas.  The  similarity  of  sequence  of  the  various  members  of  the  coal 
series  is  so  striking  and  the  faunal  and  floral  characteristics  so 
marked  that  the  determination  of  the  horizons  of  the  several  coal 
seams  can  be  made  with  remarkable  accuracy.  In  the  lower  forma- 
tions of  the  Coal  Measures  it  has  been  possible  to  establish  this  iden- 
tity with  the  Pennsylvania  and  West  Virginia  deposits  on  the  basis 
of  actual  continuity  of  the  beds,  although  this  is  not  possible  in  the 
higher  members  of  the  series.  The  sequence  of  deposits  and  faunal 
and  floral  characteristics  are  such,  however,  that  very  little  doubt  can 
exist  regarding  their  equivalency. 
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General  Relations. 


The  coal  deposits  of  Maryland  are  confined  to  synclines  or,  as  they 

are  called  whei;i  they  contain  coal  seams,  "  coal  basins/'     There  are 

five  of  these  coal  basins  in  the  State.     The  Georges  Creek  basin  lies 

along  the  eastern  margin  of  the  district  between  Wills  and  Savage 

mountains  partly  in  Allegany  and  partly  in  Garrett  counties.     The 

Upper  Potomac  basin  lies  in  the  southern  and  southeastern  parts  of 

Garrett  county,  to  the  east  and  south  of  Backbone  Mountain.     The 

Potomac  river  flows  near  the  axis  of  this  basin,  so  only  half  of  it  is 

within  Maryland.     This  basin  is  structurally  the  continuation  of  the 

Georges  Creek  basin.     The  Castleman  basin  lies  in  the  north-central 

part  of  Garrett  county,  between  Meadow  and  Negro  mountains.     It 

is  the  continuation  of  the  Salisburv  basin  of  Pennsvlvania.     The 

f^pper  Youghiogheny  basin  lies  in  the  west-central  part  of  Garrett 

bounty,  between  Snaggy  Mountain  and  a  ridge  which  is  the  continua- 

"tion  of  Meadow  Mountain,  parts  of  which  are  here  called  Roman 

i^^ose  and  Halls  Hill.     The  Lower  Youghiogheny  basin  lies  in  the 

Xiorthwest  part  of  Garrett  county,  to  the  west  of  Winding  Ridge  and 

to  the  north  of  Dog  Ridge.     It  is  the  continuation  of  the  Confluence 

l)asin  of  Pennsylvania. 

A  small  amount  of  very  impure  anthracite  coal  occurs  far  to  the 
east  of  the  coal  basins,  above  mentioned,  in  eastern  Allegany  county, 
the  best  exposures  being  found  in  Sidling  Hill  Mountain  where  this 
coal  at  times  reaches  several  feet  in  thickness.  It  is  so  irregular  in 
thickness  and  so  heavily  charged  with  ash  as  to  have  no  commercial 
value.     This  coal  occurs  at  an  horizon  older  than  the  Coal  Measures 
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and  is  confined  to  the  Pocono  formation  at  tlie  base  of  the  Lo^-er 
Carboniferous,  The  various  prospect  openings  which  have  been 
made  in  it  give  no  indication  of  successful  development  and  it  will 
not  be  further  discussed  in  this  report. 

Dark  carbonaceous  shales  of  Devonian  and  Silurian  age  in  Wash- 
ington and  Frederick  counties  have  been  prospected  at  various  times 
and  much  local  excitement  has  arisen  over  the  prospect  of  the  dis- 


Fio.  26. — Map  Bhowlng  location  of  Coal  Basins  In  Maryland. 

covery  of  anthracite  coal.  These  hiack  shales,  however,  contain  bi^c-« 
a  small  percentage  of  carbonaceous  matter  and  search  for  coal  a.*^* 
this  horizon  cannot  but  be  fruitless.  No  coal  of  commercial  valu»  -*'- 
has  ever  been  found  in  rocks  of  this  character. 

Occasionally  thin  seams  of  coal  or  lignitic  vegetable  remains  ar^"^ 
found  in  the  gray  and  reil  sandstones  of  Triassic  age  in  Carroll,  Fred.^^-* 
erick,  and  llontgoinery  counties.  There  is  no  probability  that  thes^^^ 
beds  will  ever  yield  coal  deposits  of  commercial  importance,  an»- 
hence  the  few  plant  beds  known  in  these  deposits  will  not  be  con^  ^* 
sidered  in  the  present  report. 
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J  coal  seams  which  are  represented  in  Maryland  are  given  in 
relative  positions  in  the  following  table.  The  figures  given 
ent  the  average  thickness  of  tlie  seam  from  roof  to  floor,  includ- 
al,  bone,  slate,  etc. 
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JoIIytown   coal  2  feet 


Washington  coal  3H  feet 

WajTieaburg  "  A  "  coal  2  feot 
Wayncsbun?  or  Koontz  coal  3  to  C  feet 

Uniontown  coal 

Upper  Sewickley  or  Tyaon  coal  6  feet 
Lower  Sewickley  coal  2%  feet 

R^Hlstone  coal  4  feet 

Pittsburg,   Elkgardcn    or    "  Big    Vein  " 
<'oal  ii  feet 

Little  Pittsburg  coal  2  feet 

2d  Little  Pittsburg  coal   1  foot 


Franklin  or  Little  Clarksburg  coal  9  feet 

Ix>naconing  coal  2  fort 
Klklick  coal  1  foot 

Friendsv'ille,     Ames    or    Crinoidal    coal 
2  feet 

Nfaynudier  coal  2  to  3  feet 

Rakerstown  or  Barton  coal  2  to  5  feet 
fJrantsvillc  coal  3  ftet 


Brush  Creek  or  Ma^ontown  coal  2  feet 
Mahoning  coal  2  feet 

Tppor  Freeport  or  Thomas  coal  3  to  6 
fret 

Ijower  Freeport  coal  2*/4  feet 

Tppcr  Kittanning  ccal  1  to  8H  '<^t 

Middle  and  Lower  Kittanning,  Davis  or 

"  Six-foot  "  coal  n  f«'et 
"  Split-six  "   ct.al  3  to  4  feet 

Clarion  or  Parkrr  C4«al   1V»   feet 
Brookville  or  Bhubaugh  coal  3  to  6  feet 

Mount  Savage  or  Upper  Mercer  coal  3  ft 
l.ower  Morcor  coal  1  foot 

(^uakertown  or  Bloom ingt on  coal  2  feet 


Sharon  coal  1  foot 


.  27. — Generalized  section  showing  relative  position  of  Coal  Seams. 


s 


a 

>  ^ 
>%> 

OK 


2Q 


GO 

H 

OQ 

< 

O 
;^ 

H 
H 

O 

o 

H 

H 
04 
04 
O 

H 
H 

o 

OQ 

PO 

H 


4,1-1  3 


90 

95 


a 

o 


3 
O 

c 


2? 


Si*" 
^5 


C  1^ 


|: 

V  OO  00 


£=3 


O  §fci 

N  SO 

c  C-^ 

2  ♦* 

o  c  ^ 


G 


S 


bo 

u 

3 


c5 


;^3 


i 


S 

o 


o 

•-9 


be 
a 

CO 

9B 


33 

c  a 

OS  S 

^P5 


B©  i,*^ 
a  o  u 


00 

ft,    r* 

a£^ 


H 

tat* 


V  ©  bfi 


3 

s 

-a 
©f 


c 

2 


c  3 
CO  oc 

« 


C  C  C 

Sag  3^ 


aa 

ce 
"Sis 

CO 

o  o 
seas 


c  « 

o 
0-3 

^o 


a*  OS     B^i 

BSSa    k 
a  c8  g  «     o 

S       so 


3 

o 


i 


o  c 
5c  k5 


c 

•2  g  ^ 

be  I'  te 

^  c  ^ 

E  ^  9> 

o  S  o 

^  e  ^ 


^1 

co^ 

egH 


c 

b« 
o 

£ 

o 

S5 


1=1 


c 


s 

3 


"SO 


•2 
a 

a 
a 
•*« 
o 


a  g^ 

«  re 

o  OS'S 

2  CS 


«     o 

00 


3       p.  3  3      at 


K 


•^m    mm 


J  ^  *» 

s  s  » 

r  ©  B 

I  -  « 

95  as  ;3 


B 
B 

s 

a 
95 


B  b 

o$ 
95U 


t 

I 

o 

22 

o 

.9 


5    ► 

:^  B 

I  2- 


OS 
PL 


3       & 

55    ■? 


g^ 


^     I 

CO       « 


5    » 


1  I  S  : 

C        O       3      J 

a   as   C  1 


0)  o 

aa 

3  C 

11 

o  o 


B  3  BB  C  a  B33  BS 

©  a>  o  o  ©ii  $00  Ow 

CO  a  oooD  eoob  odbk  vn 

^  ^  A^  ^^  ^.Oj=  ^i> 


B 
3    • 

O  00 
♦a  « 

ooS 

98 


O 

a-5 

OS 


o 

o 


B       B 
S       «> 

OC         00 


B  3 


BB 
%  O 

X  00 


«      u^  o 

a^saa 

38  ®.S  08  as 
B^SfC 

£  O  i       OS 

■^  /^  *? 


00 


B       3  3 


3  3 


V  o     o  o     o 

ll^-a.£ 

e8  38  3   I    38  -1 
BB  X  ?  B  c 

*  OS'S  ij  08  3 

oo^^oS 


o 

2 


^  ^ 


a 

OB 

c     =     n     = 

I    s        " 

*     o 

♦*      ^*      ♦*      w 

o     o     o    o 
2:    2    Sc    Z 


2     S 


=o  =  i  I  s 

9  $  ©  o  OD  00 

^^  ^  O  O  O 

<-<:  <  Z  55  55 


B     ^ 


oS 

55S 


OB 
B 

^^ 

o 
V5 


a 
o 

o 

a 

08 

;i5 


O  .  O  S  3 

a  :  a  a  B 

S  :  OB  «  (B 

c  •  a  B  6 

>-•  a  .V  «.  .« 

«  o  X  «  0 

c>  ^  o  o  9 

o  »  o  O  0 


00000c 
2    %    Se    as    z    z 


O      C      0 
2:     SS     OQ 


B 

s 

■** 
O 
9S 


o  (4  o  o  o        00 

ao^  a  a     a  a 

08«f  J  08  09  hi  J  08 

egg  a  B  Ci  B 

Siu*  o  g  5*  i 

O  Q>  o  o  <»  o 

oS  o  o  i<  o 

5gf^  5c  ^  55  as 


oqH^  o 


B 

& 
C 


5C    2 


S    a    «J  . 
5.   5       te 


iMtJfa 

V 


o 

A 


>  *  a  ^ 

3  M  00  "a  -iS  .» 

355  ^  ^  §      3 

>2&3;k4  ^  cs  o    a 


a  b 
0$ 

-si 

95b 


*     a*?    \- 


! 


If 


i^V^ 


.S  b  s     f 


I  I  H  I 

;^   a  9S  0*  X 


iioHttmJoj  nonvniJOji 
[umfiina   «iaq«JtfaoaoN 


uonvaijo^il 
qJInBoiauoo 


iaaqJtony 


aontnufliti 


MABYTJIND    GEOLOGICAL    SURVEY  321 

Note. — ^The  coal  seams,  like  the  geological  formations,  are  named  from  the 
localities  where  they  are  typically  developed.  It  is  an  accepted  rule  that  a 
seam  must  ultimately  be  called  by  the  oldest  geographical  name  applied  to  it 
in  print.  Before  the  coal  seams  of  Maryland  were  definitely  known  to  be  the 
continuation  of  the  seams  which  had  been  described  and  named  in  Pennsyl- 
yania  and  West  Virginia  and  Ohio,  local  names  were  applied  to  them  in  the 
publications  of  this  and  other  organizations.  These  were  Intended  at  the 
time  only  as  provisional  names,  which  would  be  abandoned  if  found  to  be 
83monymous  with  older  names,  or  permanently  retained  for  such  seams  as  had 
not  hitherto  been  named.  Most  of  the  seams  in  Garrett  County  have  proved  to 
be  identical  with  seams  which  had  been  previously  named  in  other  regions,  so 
the  temporary,  local  names  for  them  have  been  abandoned  and  the  older  names 
used.  The  grounds  for  this  correlation  are  given  in  an  article  by  Clark  and 
Martin  in  the  Bulletin  of  the  Geological  Society  of  America  for  1902.  Most  of 
the  seams  have  also  been  popularly  known  by  several  names  which  are  not 
geographical  and  have  not  been  used  in  print.  There  is  usually  a  distinct  name 
for  each  region  where  the  seam  is  mined.  The  relation  of  all  the  local  names 
used  in  Maryland  to  the  accepted  names  used  in  other  regions  and  to  those 
here  adopted  is  shown  in  the  table  above. 

The  Geoeges  Ckeek  Basin. 

The  Georges  Creek  basin  is  a  deep,  broad  syncline  containing  the 
most  complete  sequence  of  the  Coal  Measures  in  Maryland.  It  lies 
between  the  Dans-Little  Allegheny  mountain  belt  on  the  east  and 
Big  Savage  Moimtain  on  the  west  and  extends  across  the  State  from 
the  Maryland-Pennsylvania  line  southwest  to  the  Potomac  river.  Its 
length  is  approximately  20  miles  and  its  average  breadth  is  about  5 
miles.  The  northern  end  of  the  district  lies  in  Allegany  county  but 
southward  the  Allegany-Garrett  county  line  gradually  encroaches 
upon  the  basin  until  at  the  Potomac  river  the  boundary  line  lies  less 
than  a  mile  west  of  the  central  axis  of  the  syncline.  The  prominent 
transverse  ridge  on  which  Frostburg  stands  connects  the  highest 
slopes  of  Dans  and  Big  Savage  mountains,  dividing  the  valley  into 
two  unequal  parts  and  thus  determining  two  districts  and  unequal 
areas  of  drainage.  The  smaller  area  lying  to  the  north  of  Franklin 
is  drained  by  Jennings  Run  and  Braddocks  Run  while  the  southern 
portion  which  includes  about  three-quarters  of  the  entire  coal  basin  is 
drained  by  Georges  Creek. 

The  various  formations  of  the  Coal  Measures  in  the  Georges  Creek 
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basin  have  been  extensively  eroded  by  the  various  streams,  the  upper 
formations  naturally  having  suffered  much  more  extensively  than 
the  lower.  This  has  resulted,  in  the  case  of  the  former,  in  producing 
numerous  isolated  areas  that  project  above  the  general  valley  levels. 
In  tliis  way  outcrops  of  the  higher  coal  seams  occur  not  only  along 
the  side  of  the  syncline  but  also  in  the  main  stream  valleys  and  as 
the  streams  descend  from  higher  to  lower  levels  these  outcrops  con- 
tinually rise  higher  and  higher  above  the  stream  beds,  necessitating 
the  use  of  steep  gravity  planes  in  the  southern  part  of  the  basin  in 
order  to  transfer  the  coal  from  the  mine  opening  on  the  hillsides  to 
the  raili'oads  in  the  valleys  below.  Only  in  the  extreme  soutliem 
and  northern  portions  of  the  basin  have  the  lower  fonnatioiis  been 
serioiisly  affected  by  valley-cutting. 

The  Pittsburg  seam,  or  "  Big  Vein,"  from  its  position  in  the  upper 
part  of  the  Coal  Measures,  at  the  base  of  the  Monongahela  formation, 
has  suffered  greatly  from  the  extensive  erosion  of  the  valley  and,  ex- 
cept in  the  central  part  of  the  basin  where  it  covers  a  large  continuous 
tract,  is  only  found  in  rounded  areas  well  above  the  main  valleys. 
On  that  account  the  greater  portion  of  the  "  Big  Vein  "  coal  is  foimd 
in  Allegany  county.  The  Conemaugh  and  Allegheny  coals  which 
underlie  the  Pittsburg  coal  are  so  overshadowed  in  importance  by 
it  that  much  less  is  kno^vn  regarding  them.  Within  the  last  few 
years,  however,  considerable  prospecting  has  been  undertaken  with 
the  object  of  discovering  fully  the  amoimt  and  character  of  these  de- 
posits. A  number  of  mines  have  been  successfully  opened  in  these 
lower  beds  as  well  as  in  some  of  the  seams  above  the  "  Big  Vein " 
although  these  upper  beds  have  smaller  and  smaller  areas  in  ascend- 
ing the  series  uf  formations.  The  Conemaugh  and  Allegfaisny  coals, 
huweverj  cover  much  greater  areas  than  the  "  Big  Vein  "  and  when 
the  latter  is  exhausted  the  Bakerstown,  Upper  Freeport,  and  Lower 
Kittanning  seams  will  unquestionably  supply  an  important  industry. 

Tlie  character  of  the  country  is  such  that  the  Monongahela  and 
Conemaugh  coals  can,  for  the  most  part,  be  worked  by  drifting  and 
the  >ame  is  true  of  the  Allegheny  coals  in  the  southern  end  of  the 
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Seorges  Creek  valley,  aa  well  as  on  many  of  its  lower  tributaries,  and 
ilao  along  the  channel  of  the  Savage  river.  In  the  region  uortii  of 
Barton,  however,  they  have  been  mined  only  by  shafts  near  the  center 
jf  the  basin  or  by  slopes  from  the  western  outcrop. 

THE  POTTSVILLK  COALS  OF  THE  GEORGES  CBEEK  BASIS. 

The  Pottsville  coal  seams  are  of  far  lees  importance  in  Maryland 
than  fartlier  south  in  Virginia  and  West  Virginia  where  they  in- 
;lude  the  important  Pocohontaa  and  New  River  coals.  These  coals 
lave  been  but  little  developed  anywhere  in  Maryland  although  three 
teams  are  known  to  occur  in  the  Georges  Creek  basin.  These  coals 
ire  thin  and  under  present  conditions  have  little  or  no  commercial 
I'alue, 

Sharon  coal. — This  i^eani  baa  the  largest  areal  extent  of  any  of  the 
Georges  t'reek  coal.  It  occurs  only  a  few  feet  above  the  base  of  the 
formation  and  is  very  persistent  in  its  position.  It  ia  divided  into 
two  beds  by  several  feet  of  shale  and  shaly  limestone,  these  beds  being 
referred  to  in  the  following  sections  as  the  Ix)wer  Sharon  coal  and 
'.he  Upper  Sharon  coal.  The  seams  where  exposed  are  too  thin  and 
poor  to  liave  any  commercial  value  and  it  is  probable  they  will  not 
>e  found  to  be  workable  at  any  point  in  the  Georges  Creek  valley. 

Sections  of  Lower  Sharon  Coal. 

*JosTH  Branch  Potomac  River  o.-s  County  Road  above  W.  Va.  C.  R.  R.,  about 

O.VE  Mile  below  Webtebxpobt. 


Sulphur  t»  In. 

Coal  i  In. 

Sulphur  >4  in. 

Coil  2  in. 

Sulphur  'i  In. 

'The  sectioDB  of  each  coal  seam  are  considered  geographically  from  north 
to  south  Id  each  basin.    The  drawings  are  on  the  scale  of  1  Inch  =  2  feet. 
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i^ecdotis  of  Upper  Sharon  Coal. 

!    ROAI).    NEAR    W.    Va.    C.   R.    R..   OsE   MILE   BEUIW    WeSTEBMI 


Quaherlown  coal. — The  Qnakertown  toal  occurs  at  about  140  feet 
above  the  Sharon  coal.  It  lias  only  been  found  in  the  lower  part  of 
the  Georges  Creek  basin  in  the  valley  of  the  Xorth  Branch  of  tJie 
Potomac  river  where  it  outcrops  a  short  distance  below  Westemport. 
This  seam  includes  in  part  what  has  l>een  locally  called  the  Kailroad 
seam,  this  latter  coal  being  properly  referred  to  several  different 
coal  beds,  chiefly  the  Jlount  Savage  and  Clarion  seams  which  will  be 
later  described.  The  Bloomington  coal  of  the  Allegany  county  re- 
port is  also  in  part  sjnonymous  with  the  Qnakertown  coal.  The 
Quakertown  coal  in  the  lower  Georges  Creek  valley  is  very  thin  and 
will  not  probably  be  found  to  have  any  commercial  value. 

Mount  Sacagc  or  i'pper  Mercer  coal. — This  seam  occui-s  from  120 
to  150  feet  above  the  Quakertowii  anil  from  25  to  75  feet  below  the 
to])  of  the  Pottsville  formation.  This  seam  varies  so  miich  both  in 
tliickncss  and  quality  within  short  distances  that  it  is  doubtful 
wlictlier  it  can  ever  be  profitably  rained  except  possibly  in  connection 
with  the  fire-claj'  wliich  is  usually  associated  with  it  The  Monnt 
Savage  coal  commonly  contains  2  to  3  feet  of  coal  but  generally  has 
a  thick  parting  of  shale  near  the  middle  of  the  seam.  Although  the 
quality  is  very  variable  and  the  lower  bench  often  carries  more  or 
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ulphiir  yet  it  is  tlie  most  proiriiaing  of  the  Pottaville  coals.  It 
(ometimes  l»een  referred  to  us  the  '"  Two-foot  vein  "  in  tlie 
;efl  Creek  valley.  It  is  referr<jd  to  under  the  name  of  the  West- 
>rt  coal  in  the  Allegany  County  Report.     This  cwal  contains 

Sectioji  of  Quakertown  Coal. 
.  Shaft  neab  Old  Phoenix  Pi^ke,  0\>:-half  Mile  below  Webternpobt. 


■>i  viXiuX  is  called  locally  the  "  Itnilroad  "  seam  and  is  evidently 
quivalent  of  the  Upper  Mercer  coal  of  Pennsylvania,  The 
r  Mercer  coal  is  very  iMwirly  developed  in  ifaryland,  Iieing  ap- 
tly represented  liv  a  thin  semn  a  few  feet  alwve  the  Upper  Con- 
fessing sandstone.  At  limes  it  is  apparently  absent  altogether 
from  its  insignificant  dcvclo|)nient  is  not  further  diseiissed  in 
hapten.  The  Lower  and  Up])er  Mercer  coals  are  separated  by 
ell-known  Monnt  Savage  fire-clay. 


EEPOET  ON  THE  COALS  OF  UABYLAKD 

Sections  of  Mount  Savage  Coal. 


THE    AI.LEGHEKY    COAI.S    OF    THE   GEOBQEB   OBEEK   BASUT. 

The  Alleglieny  coals  are  of  far  greater  importance  than  Oie  Pottos . 
villc  conls.  They  embrace  a  number  of  seams  all  of  which,  at  iHtt 
locally,  may  l>e  considered  to  have  an  economic  value  while  two  tt 
them  will  probably  be  found  with  further  development  to  oocuilt:; 
commercial  quantities  throughout  much  of  &e  Qeoi^^  Creek  bMii^'', 
although  too  deep  in  the  central  and  northern  part  of  the  area  fit . 
profitable  development  at  the  present  time.  The  Alleglieny  ootll 
have  been  very  successfully  mined  in  certain  areas  in  PennsylTanit 
anil  West  Virginia  and  some  attempt  has  been  already  made  to  de- 
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Cut  on  B.  ft  O.  R.  R.,  opposite  Li- 
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velop  them  in  ^faryiand,  especially  in  the  lower  portion  of  the 
Georges  Creek  valley.  The  Allegheny  coals  have  a  very  much  larger 
areal  extent  than  the  later  seains  and  will  unquestionably  in  the  fu- 
ture afford  the  larger  part  of  the  Maryland  coal  output  after  the 
exhaustion  of  the  "  Big  ^'ein."  These  Allegheny  coala  in  the  Oeorges 
Creek  basin  are  not  as  thick  as  in  the  upper  part  of  the  Potomac  basin, 
in  southwestern  Garrett  coimty,  nor  are  they  a-»  readily  accessible  on 
account  of  the  thicker  cover  of  later  formations  over  much  of  the 
region. 

Broohvill-e  (Bluebaugh)  coal. — The  Brookville  seam  is  found  very 
near  the  base  of  the  Allegheny  formation.     It  is  very  variable  in 

Sections  of  Brookville  Coal. 
Shaft  on  Tbamwat,  keak  Babbelvuxc 


thickness,  being  best  develojied  aroimd  the  northern  rim  of  the 
Georges  <!!reek  basin.  It  generally  contains  bands  of  shale  and  some 
Iwnc  coal,  Thrnnghoiit  much  of  the  northeastern  portion  of  the 
Georges  ('reck  valley  it  will  probably  be  found  to  have  important 
nine.     It  is  not  vet  known  how  far  it  extends  beneath  the 
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WI^Tcll  Open  I 


i  PiNBV  Mountain,  Two  Miles  Eabt  or  Eck 
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Mo:?TEI.L  TUKNEL,  NEAB  LOABVILLE, 


West  Bank  of  Wabbidr  Run.  One  Mile;  Soitheast  of  Loabtillk. 


Bone  md  ihllE 


Coal  ttt 
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Fig.  I.— consolidation  coal  company,  ocean  no.  3. 


Fig.  2. — CONSOLIDATION  coal  company,  ocean 

VIEWS  OF  COM.  MINING  PLANTS. 
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upper  coal  toward  tbe  central  part  of  the  basin.  This  seam  has  been 
locally  known  in  the  Georges  Creek  basin  by  the  name  of  the  lilue- 
baugh  coal. 


Stale  2^  in. 

Col  11  In. 

Clarion  (Parker)  coal. — The  Clarion  coal  is  found  at  from  12  to 
30  feet  above  the  Brookville  coal  and  like  the  latter  seam  is  found 
mainly  developed  in  the  northern  part  of  Uie  Georges  Creek  basin. 
It  18  variable  in  thickness  but  commonly  contains  about  two  feet  of 
coal,  but  may  thicken  locally  to  four  feet  or  more  when  it  is  generally 
broken  up  by  shale  partings.  The  Clarion  seam  has  been  often  con- 
fused with  the  Mount  Savage  but  can  be  readily  distinguished  from 
the  latter  by  being  associated  with  iron  ore  rather  than  with  lire-clay 
even  when  its  stratigraphic  position  is  not  clear.     The  Clarion  coal 
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represents  a  part  of  what  has  heeii  hitherto  known  as  the  "  Railroad  " 
seam.  In  the  northern  Georges  Creek  basin  it  has  also  been  locally 
known  under  the  name  of  the  Parker  seam. 

Sections  of  Clarion  Coal. 
CuuBEBLAND  Basin  Coal  Compant,  O^e-iialf  Milk  Novtbeast  of  Babbellville. 


J.  O.  J.  Gbeeke's  Fuus-coal  Mire,  >'eab  WssT^ifPOBT. 
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"  Split-six  "  coal. — A  very  varinblo  ami  iiiii>urc  coal  which  has 
locally  been  referred  to  aa  the  "  Split-six  '"  coal  occurs  about  30  to  46 

Sections  of  "  SpUt-sis  "  Coal. 

FlBE-COAL  0PE.MN*U  L'NnEB  Ol.TI  GOBMAN  TlFPLE.  F*BANKLIN. 


Mile   South   or 


feet  below  the  Lower  Kittanniufi  seam  aiitl  about  30  feet  above  the 
Clarion  coal.     It  is  beat  dcvelot>ed  in  the  lower  part  of  the  Georges 
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Creek  basin  but  it  is  everjivhere  too  impure  to  mine.     It  does 
appear  to  have  any  named  equivalent  in  otber  areas. 

Lower  (and  Middle)  Kittanning  {Davis  or  "  Six-foot  ")  coc 
This  coal  forms  one  of  the  most  persistent  seams  in  the  State  and 

Sections  of  Lower  Kittanning  Coal. 


been  mined  to  some  extent  in  the  lower  Georges  Creek  valley  w 
it  is  locally  known  under  the  name  of  the  ''  Six-foot"  coaL  ( 
wide  areas  this  coal  is  separated  into  t\vo  parts  bj'  a  thin  ban 
shale  which  may  at  times  increase  to  several  feet  in  thickness,  f 
rating  the  coal  into  two  different  seams.  It  seems  probable  thai 
"  Six-foot "  cflal  must,  therefore,  he  regarded  as  the  equivalent 
of  the  I^wer  and  Middle  Kittanning  of  Pennsylvania.  This  * 
iR'ciua  frtnn  90  to  130  feet  above  the  base  of  the  formation 
from  170  to  210  feet  below  the  top.  This  seam  covers  a  far  gn 
area  than  any  of  the  later  coals  and  also  maintains  its  thickaess 


n^ 


V.':, 


7i^- 
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character  over  wide  areas.  It  is  probably  the  most  valuable  coal  next 
to  the  "  Big  Vein."  At  times  the  shale  and  bone  partings  thicken, 
increasing  the  e:cpenae  of  working  to  such  an  extent  that  the  coal 
sometimes  locally  has  little  commercial  value.  At  t'mes  the  coal  has 
been  squeezed,  producing  what  miners  have  called  "  faults  "  although 
they  are  not  true  faults  in  the  sense  in  which  the  name  is  generally 
used  since  the  shale  partings  within  the  same  are  never  cut  off  by  the 

Ofenino  Three  Hu.vdred  1 


ein. 


movement  although  the  coal  on  oue  or  both  sides  of  tlie  middle  shale 
may  be  squeezed  out  entirely.  This  seam  has  suffered  far  more  ex- 
tensively in  this  respect  than  any  of  the  succeeding  coals.  The  effect 
i>f  this  ''faulting"  has  been  to  interfere  seriously  with  mining 
operations  although  persistence  in  the  development  has  shown  that 
the  coal  again  reappears  along  the  bedding  and  may  offer  a  wide  area 
without  further  disturbance.  It  is  probable  that  this  coal  will  be 
extensively  mined  in  the  near  future.  The  "  Six-foot "  seam  is 
the  same  as  the  Davis  seam  of  the  upper  Potomac  valley. 
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Prospect  neab  Mouth  of  Bbant's  Rvn.  Ose  and  One-fourth  Uiles  North- 
east OF  Clarvsville. 


-  Miles  Southeast  < 
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Opinino  or  VaauowT-CvumsoJiW  Coal  Compaky,  at  Fkankun. 
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OrEMNQ   OF   PlEEIMONT  AND  GEOBaES   CrEEK    COAL   COUPANV,    PbANKLIK. 


VOLUME  V,  PLATE 


FiC.    2. — BARTON   ANn  GEORGES  CREEK  VALLEV  COAL  COM 
VIEWS  OF  COAL  MINING  PLANTS. 


MARYLAHD 

'  J.  0.  J.  Qbeene,  One 


SUHVEY 

Onimiau'  Miles  bi 


33n 

)  Westeb.vpobt. 


Upper  Kittannivg  coal. — Tliis  scam  which  when  present  occur? 
from  35  to  65  feet  above  tlie  top  of  the  Lower  Kittaiming  coal  has 
not  been  recognized  in  the  Georges  Creek  basin.  It  is  an  iinimport- 
ant  bed  in  Maryland  although  it  has  been  recognized  in  the  upper 
Potomac  region  and  will  be  later  discussed. 
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Lower  Freeport  coal.- — Tliis  seain.  ia  of  little  importance  in  Mary- 
land. It  occnrs  at  an  intorval  of  from  55  to  80  feet  above  the  Uppci 
Kittanning  and  from  100  to  145  feet  above  the  Lower  Kittannini 
eoal  and  is  commonly  found  from  35  to  60  feet  below  the  top  of  th 
Allegheny  formation.  It  is  very  variable  in  occurrence  and  haa  nc 
been  mined  at  any  point  in  the  Georges  Creek  valley. 

Sections  of  Loiver  Freeport  Coal. 
Section  in  Siidbt  Gap  Hu«,  sear  Babbellville. 
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Old  Gobu a:«  Plake,  Nobtrwest  op  Fba^klik. 


Upper Freeport  (Thomas  or"  Three-foot  ")  coal. — This  seam  occurs 
at  the  top  of  the  Allegheny  formation  at  an  interval  of  from  20  to  00 
feet  below  the  Lower  ^Mahoning  sandstone  and  from  165  to  210  feet 
above  the  Lower  Kittnnniiig  coal.  It  is  locally  known  under  the 
name  of  the  "  Three-foot  "  seam  (or  more  frequently  in  the  Georges 
Creek  basin  but  less  correctly,  as  the  "  Four-foot "  seam).  The 
Bakerstown  seam,  later  described,  is  properly  the  "  Four-foot "  seam. 
This  seam  has  also  been  called  the  "  Thomas  "  coal  by  the  geologists 
of  the  U.  S.  Geological  Survey  on  account  of  its  occurrence  at 
Thomas,  West  Virginia.  The  Upper  Freeport  coal  is  a  very  persist- 
ent seam  and  commonly  contains  a  clean  workable  bench  of  high- 
grade  coal.  It  is  somewhat  variable  in  thickness  and  is  in  general 
much  better  develojted  in  the  Upper  Potomac  basin  than  in  tlie 
Georges  Creek  basin. 

Sections  of  Upper  Freeport  Coal. 
John  Smith's  Fibe-coal  Oi^mno,  One  Mu.e  below  Mount  Savaqe. 


W  in. 
5  in. 
W  in. 
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i  Miles  Southbabt 
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Old  Fire-coal  < 


THE  C02<£MAL'lil[  COALS  OF  THE  UEOBOES  CREEK   BASIN. 

The  Coiieniaiigh  coals  are  of  less  importance  than  tlie  AU^uj 
coals  and  from  the  fact  that  tlie  seams  were  not  considered  to  possess 
economic  valne  tliis  formation  was  long  known  under  the  name  of  ihe 
Lower  Barren  Measures.  Later  study  lias  shown,  however,  that  the 
roneniauffli  contains  several  seams  which  are  either  workable  at  pres- 
ent or  are  likely  to  l>ecoine  so  in  the  future,  but  there  is  no  reason  t« 
believe  that  the  coal  of  the  Coneinaiigh  will  ever  rival  that  of  lli^ 
Allegheny  in  importance, 

•Sections  of  Mahoning  Coal. 

U.MON    Ml.MNO    COMl'AXY,    ONE    AM)    OSE-FOi;BTH    MiLBS    NOBTHVTEST   OF    MOtS   ' 


Mahonivg  coal. — This  seam,  which  when  present,  occurs  betweei 
the  Upper  and  L^iwer  Mahoning  sandstone  at  an  interval  of  from  il 
to  60  feet  above  the  Upi>er  Frceport  coal,  is  very  [xmrly  develojwd  ii 
the  Georges  Creek  basin.     As  will  be  shown  later  it  has  been  fonn* 
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fieieiit  thickuess  in  western  Garrett  county  to  possess  some  eeo- 
:  value  locally  and  it  may  yet  be  found  to  occur  in  workable 
ities  in  the  Georges  Creek  area.  There  is,  however,  some  quea- 
3  to  the  determination  of  this  coal  in  the  Georgea  Creek  region 
he  coal  here  referred  to  that  seam  may  upon  further  examina- 
■e  shown  to  belong  cL-tewhf^re  or  to  constitute  a  local  seam  which 
D  named  equivalent  elsewhere. 

D  Ok  EH  A  LP 


ish  Creek  (Maaontown)  coal. — -Tliia  seam  occurs  at  an  interval 
tut  65  feet  above  the  Mahoning  coal  and  from  85  to  125  feet 

i'^eclions  of  Brush  Creel-  Coal. 
BE  TrssEL,   SfiroNn  Seau   Exposed  OrTWABn  from    Face,   Ose  Mile 
Northwest  ov  Mount   Savaoe. 
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nbove  the  Ujn»er  Freeport  coal.  It  is  a  very  persistent  coal  aod  the 
spam  i<>  i^neraltv  from  IS  to  24  inches  in  thickness  although  at  tinun 
ir  exceeds  this  nmonnt  locally. 

Olu  Ore  Tinnei,  Third  Scam  Oijtwabd  from  Face,  Same  LoMUn. 


Ofemno  Two  Miles  Southwest  of  Babbcli.vux£. 


Bci.ovr  Mount  Savage  Firekiay  Plane,  near  Jouk  Obesdorff'b  Hoobe,  On 
Mile  Northwest  of  Moukt  Savaoe. 


FiKE-coAL  Ofemng  on  Wm.  Coleman's  Property,  NorthejUT  Bsutch  or  Hnt 
Ru>',  Two  Miles  EasT'Southeast  op  Lonaconi^O. 


□  aEoiaoiCAL  SURVEY. 


D    mO!(    COMPANY,    CTLMOH. 


Fig.    2. — GEORCES  CREEK  CO.\L   AND   IRON   COMPANV, 
VIEWS  OF  COAL  MINING  PLANTS. 
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Section  on  Hill  Run,  O.ie-foubth  Mile  West  of  ALLEOATtT-OARKKTT  LiNC 
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FuutcoAL  Opcmng  of  Wuxiau  Netf,  Mill  Ruk,  One  Mm;  kobth  of 


Shale  ind  bone 


Bone  ind  dtilfl 


BEPOBT    OS    THE    < 


;    OF    MARYI.AS'D 


Bakerstown  {Barton  or  "Four-foot ")  coal. — This  seam  occurs  at 
an  interval  of  from  90  to  135  feet  above  the  Brush  Greek  coal,  Jt 
is  knoMTi  locally  as  the  "  Four-foot "  coal  (or  more  frequently  in  thi- 
Georges  Creek  basin  but  leas  correctly  as  the  "  Three-foot  ").  The 
Upper  Freeport,  earlier  described,  is  properly  the  '*  Three-foot  " 
seam.  This  seam  is  somewhat  variable  in  its  thickness  bnt  is  very 
persistent  and  in  its  thickest  areas  has  much  economic  value  and  will 
probably  be  extensively  mined  under  such  conditions  in  the  futiire. 

Sections  of  Bakerstown  Goal. 

I  Face.  One  Mn.B  Nobthwest 


tpllllf 

Sbile 

i 

Sbile 
Bnna 

SiD. 

Itn. 
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PBOSPECT   Hoi.R,    TlIHEK 


Mile  We.'^t  i>y  BjIBBellvu 


s  Mile  Southwest  of 
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Dnb  ihnlc  tu  olive  cU]  jhila  abote 


BUcktili  riwla 


MAKYI.AXD    GEOI.OniCAI.    SUBVEY 


Oi^xiNo  icBAK  Old  Suqab  Caui-.  One-half  Mile  North  op  Loabville. 
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Ope^ino  keab  James  Mteb's  HotSE,  Coukty  Road  above  LoNAComra. 


Ope.m.ng  ox  Road  to  Laubel  Rvx,  100  Yabm  bblow  Hugh  BIcHdllbm's  X 
Thbee  Miles  West  op  LosACONDto. 


b  tulpliur  ilmki 


3  SEOLOOICAL  SUnVEV.  VOLUME  V,  PLATE  XXVIII. 


Fig.    I. — NEW    CENTRAL    COAL    COMPANY, 


FlC.   2.— AMERICAN   COAL  COMPANY,   JACKSON   NO.   5. 
VIEWS  OF  COAL  MINING  PLANTS. 
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James  Wier'h  Mive  ok  LArBEi.  Ru\,  Tiirke  Mii.f.s  West  op  Lonacoxixo. 


Mini:,  TusEE-rot-RTBs  Mii.k  Nohtiiwbst  of  toi-  of  Dediold  Hill. 
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PMtLLtP  Hansell's  Fabu,  Thkee  AND  Ore-Half  Mileb  West  of  LONAcoM:<a. 


Coal  8  In. 


Opemxo  o:>  Abchie  Russell's  Farm,  oir  Babtlett  Rdx,  :«ear  I]Airrox. 
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FiBC-cOAL  OPENirco  OF  NoAU  Nbat,  on  Babtlitt  Ru.\,  ni:ab  Bakton. 


OrEsiso  OF  GEnRoi:  Lanoak,  on  Babtlktt  Res.  seab  Babton. 
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Opening  in  beab  of  Hovsi 


'  C.  ft  P.  R.  R. 


C*»I  1H  In. 

Behind  Meyer's  Hhuse,  Near  moctii  of  Laurel  Run,  Moscow    Mills. 

Shalg  On. 
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Moscow-Geoboes  Cbekk  Himdo  Coupant  at  Babton. 


Svlphnr  %  Id. 

Chapman  Opbnino,  Ou>  8wanto:i  Mine.  Babton. 
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Potomac  Mine  of  Usion  Mixing  Compasv.  neab  Babto5. 


Fire-coal  Openiico  of  Sauuel  Rosa,  One-half  Mitc  Southeast  of  Barton. 
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'  Henbt  Moobe,  Mooses  I 


Bone  and  ibulc 


\ 


■ 


r 
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Rngr  coal 
Stala 
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Mine  on  South  Bbancu  of  Mii.i.  Run,  Omi:  Miu:  Northeast  of  Barton. 
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r  FovE  Miles  No 
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PiioEMx  AND  Geobges  Cbeek  Mimro  Cdufanv'8  Pbopebtv  neab  Piidehuc. 


Opemsg  of  Feostbvbo  Coal  Misino  Company,  O.ne  MitE  North  of  Phoenix. 
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Va>'  BovxiimuBK'B  Opening  oi 


CtiunRRi.AM)-GEOBOEs  Cbeek  Coai.  Compani'm  Mine  above  Fhaskun. 

aiulf  rail  
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Bone  iiid  ihile 
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Cum [tf:RLAMi-GEUROES  Crekk  Coal  Compakv'h  Mine  above  Fhanklin. 
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al  coal  in  PeDQsjlvania,  but  as  it  is  well  developed  in  the  vicinity 
'riendsville,  Garrett  county,  tJiat  name  has  been  applied  to  it  in 
viand  in  order  that  all  of  the  names  may  conform  in  origin. 

Section  of  Friendsville  Coal. 
FiRi-coAL  Opening  Eckhabt  Bbakch  C.  ft  P.  R.  R.,  Ci-abvsville. 


Ihlick  coal.— This  seam  occurs  at  an  interval  of  about  35  feet  • 
e  the  Friendsville  coal  when  present  but  does  not  occur  at  any 
t  in  Maryland  in  sufficient  tbickne^  to  have  any  commercial 
e.  It  is  generally  an  irregular  seam  u  few  inches  in  thickness. 
onaconing  coal. — This  seam  has  only  been  found  in  the  lower 
ral  portion  of  the  Georges  Creek  basin.  It  occurs  just  below  the 
ksburg  limestone  and  where  best  developed  shows  a  thickness  of 
.t  2  feet.  It  is  possible  that  it  may  locally  prove  to  have  some 
uercial  value  although  the  extent  of  the  coal  \)eyond  a  few  points 
■e  it  is  exposed  cannot  be  determined  in  the  present  state  of  de- 
ament  of  the  region. 

Sections  of  Lonaconing  Coal. 
M  Opening    (abandoned)   on  Tbimhle  Pabm.  neab  Mobantown,  Three- 
FOUBTHS  Mile  Southeast  of  Mount  Savage. 
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Sections  of  Loweb  Opemno, 
Homestead,  Tiibee-fi 


,    NEAR   KOONTZ. 


r  Mine  Nn.  1  ov  Gkowies  Creek  Coal  An  I 
TV,  0>"R  Mile  Nortu  of  LoNAConura. 


QEOLOQICAL  GURVEV. 


FlO.    2.— MARYLAND   COAL  COMPANY,    APPLETON. 
VIEWS  OF  COAL  MINING  PLANTS. 
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OuTcaop  BEH1M)  Thomas  Pkkble'b  Houst.  Ldn 


New  Central  Coal  Company,  Biq  Vein  Hill.  Lunai 


PitorEHrv  (.E  Mh.  Hohim!,   Detmih.d  Hill,  near   L.i^ 


Franklin  (Little  Clarksbvrr}  or  "  Dirlif-nine-fool'")  coal. — Tliis 
seam  fwcurs  at  an  interval  of  from  50  to  100  foet  above  tlip  Elklick 
coal  and  alwiit  150  feet  Ik-Iow  the  Pitrsbiirp  or  "  Big  Vein."  It  is 
probably  identical  with  the  Little  C'larksbiirg  coal  of  West  A'irginia 
and  is  popularly  called  tlio  "  Dirty-iiinc-foot "  by  the  miners  in  the 
Georges  Creek  basin. 
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Sections  of  Franklin  Coal. 

I'ppEB  Opemkg  (ABAM>o^cn),  SixTT  Fixi  ABOVE  LowEB  Ope:*isq,  Tkiublb's 
Fabu,  Thbee-fourths  Mile  Boutheast  of  Mount  Sataoe. 


Shllc  and  raal  11  in. 

8hila  KlB. 

Coal  tin. 


Shilc  tt  In. 

Bone  ind  ibile  4  In. 

Shile  M  In. 

Booe  IH  in. 
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I'BoaPECT  Ofexino   : 
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Amebicas  Coal  Company  keab  Cauoio^iia  Mise  at  Bariax. 


Potomac  Coai.  Companv,  Moores  Ru.i,  Tubee-foubtiis  Mile  I 
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Old  Fbankli.-t  Plane,  One  Mile  Webt  of  Fba.vklix. 


RIack  andlliMiu*  a) 


DIack  BrsillKwui  alulc 
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Olii  Pkosi'k<-t  Oi'e; 


KID. 
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Fig,  I.— DAVIS  coal  and  coke  company,  henrv  no.  i 


Fic.  2.— DAVIS  coal  and  coke  company, 


VIEWS  OF  COAL  MINING  PLANTS. 
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THE   MONOKGAHELA   COALS   OF   THE   GEOBOES   CREEK  BASIN. 

The  Monongahela  coals  are  practically  confined  to  the  Georgea 
Creek  basin,  a  small  area  long  since  exhausted  being  found  also  in 
the  Potomac  basin.     The  Monongahela  coals  have  had,  and  will  con- 

Sections  of  Pittshurg  Coal. 
Geobges  Cbeek  akd  Bald  Knob  Coal  Company,  North  of  Mount  Savaoc. 


tinuG  to  have,  great  importance  in  Maryland  by  reason  of  the  fact 
that  the  Pittsburg  coal,  or  "  Big  Vein,"  constitutes  a  part  of  the 
Monongahela  formation.  These  upjier  beds  of  the  Carboniferous 
formation  were  earlier  referred  to  as  the  Upper  Productive  Measures 
and  have  been  the  chief  source  of  the  coal  hitherto  mined  in  Mary- 
land, In  addition  t«  the  Pittsburg  seam  there  are  five  other  seams 
of  coal,  four  of  which  may  be  regarded  as  of  economic  value,  and  of 
which  three  have  been  from  time  to  time  worked.  The  Monongahela 
coals  cover  a  much  smaller  area  than  the  Conemaugh  and  particularly 
the  Allegheny  coals  which  underlie  them.    Tliey  are,  however,  much 
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more  acoe^idible  as  the  older  coals  are  deeply  buried  throiigliout  the 
central  part  of  the  basiu. 

Opening  of  WirucBS  Min 


Piflshurg  (Eikfjardeii.  "  Fourteen- foot"  or  "  Bifj  Vehi  '")  coaL— 
Tlii'5  stiiiin  is  thf  most  important  seniii  of  the  Georges  Cretk  vallci 
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at  the  present  time  and  has  been  the  chief  source  of  the  coal  in  Mary- 
land for  more  than  fifty  years.  It  is  restricted  almost  exclusively 
to  the  Qeorges  Creek  basin,  only  one  small  area  having  been  found  in 


Mile  East  of   Little 
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the  upper  Potomac  valley  and  that  long  since  exhausted.  Its  position 
is  identical  with  that  of  the  Pittsburg  bed  of  Pennsylvania  and  West 
Virginia,  and,  as  in  those  states,  \i  found  at  the  base  of  the  Monon- 

HlNE   OF   UKIOX    MlMNCl   COUPANY,    FROSTBDBC. 


Cuil 
Shalv 


gahela  formation.  Thij-  seam  is  at  the  present  time  being  rapidly 
mined  and  tlie  time  is  not  far  distant  when  the  coal  will  become  en- 
tirely cxhimsted,  after  which  tlie  ilaryland  coal  industry  will  have 
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to  depend  largely  upon  the  smaller  veins  and  especially  those  of  the 
older  formations,  on  account  of  their  much  greater  areal  extent  than 

BcRiiABT  Mine,  Co.n8olidatio:«  Coal  Company,  E^'Khabt  Mines. 


those  overlying  the  "  Big  \'ein."     This  seam  is  locally  known  ns  the 
"  Fourteen-foot "  or  '"  Big  Vein  "  in  the  Oeorges  Creek  valley  and 
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was  described  under  the  name  of  Elkgarden  seam  in  the  Piedmont 
folio  of  the  U.  S,  Geological  Sun-ey,  this  latter  name  being  originally 

HOFFMAK  Mine,  Consolidatio.^  Coal  CouPANr,  Hoffman. 


BfB. 

Kin. 


followed  in  the  report  on  the  Geolog\'  of  Allegany  County,  As  tLis 
coal  is  unquestionably  equivalent  to  the  Pittsbui^  seam  of  Pennsyl- 
vania that  name  is  now  iulopted  since  it  has  priority. 
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Bowery  Mim:.  the  Borden  MiNino  Company.  Midlothian. 
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Cablob  No.  2,  Babton  akd  GiioBaEB  Cbeek  Valut  Coal  Coupaxt,  Gaku>s. 


Putina 


NAME. 


McGlone  &  Stafford 
Trimble 

Union  No.  2 
Washington  No.  1 
Washington  No.  2 
Pumping  Shaft 
Bowery 
Borden  Shaft 
Ocean  No.  1 
Ocean  No.  3 
Ocean  No.  3^ 
Frost 

Ocean  No.  2 
Ocean  No.  7 
Ocean  No.  8 
Enterprise 
Union  No.  1 
Borden 
Carlos  No.  1 
Carlos  No.  2 
Koontz 

Pine  Hill  or  No.  3 
Columbia  or  Nos.  9  &  10 
No.  1  and  No.  4 
No.  16 
Repold 
Beadnell 
Kingsland 
I  Appleton 
Patton 

New  Detmold 
Big  Vein  Hill 
Shamrock 
Pekin 

Moscow  No.  1 
Moscow  No.  2 
Moscow 
Swanton 
Jackson 
Caledonia 
Potomac 
Morrison 

Phoenix  &  Rckhart 
Penn 
Excelsior 
Buxton 
Franklin 
Scrap 
Buckhorn 
Hampshire 
Six  Foot 
Tacoma 
Phoenix 
Bloomington 


LIST  OF  MINES 


OWNER. 


Cumberland  Basin  Coal  Co. 
Midland  Mining  Co. 
Frostburg  &  Withers  Mining  Co. 
New  York  Mining  Co. 
Consolidation  Coal  Co. 
Chas.  Leatham. 
Consolidation  Coal  Co. 
Borden  Mining  Co. 


•  ( 


( t 


( t 


Consolidation  Coal  Co. 


1 1 


•  « 


*i 


It 


»< 


it 


» ( 


«« 


It 


•  < 


» I 


II 


Borden  Mining  Co. 

Barton  &  Georges  Creek  Valley  Coal  Co. 

Consolidation  Coal  Co. 

New  Central  Coal  Co. 

Georges  Creek  Coal  and  Iron  Co. 


t  < 


Maryland  Coal  Co 
t (  II      II 


1 1 


1 1 


II 


1 1 


1 1 


1 1 
1 1 


1 1 
1 1 


1 1 
1 1 


Coromandel  Coal  Co.  l)o't  of  N.  C.  C.  Co. 

Consolidation  Coal  Co. 

Atlantic  &  Georges  Creek  Consolidated  Coal  Co. 

Estate  of  A.  B.  vShaw. 

Moscow-Georges  Creek  Mining  Co. 

Piedmont  Mining  Co. 

Swanton  Coal  Co. 

American  Coal  Co, 


1 1 


II 


1 1 


Black,  Sheridan  &  Wilson. 

Estate  of  Carrie  Morrison. 

Phoenix  &  Georges  Creek  Mining  Co. 

Cumberland-Georges  Creek  Coal  Co. 

M.  P.  Gannon. 

West  Va.  Central  &  Pittsburg  R 


1 1 


1 1 


I  i 


1 1 


I  i 


1 1 


i  i 


1 1 


1 1 


( I 


i  i 


1 1 


1 1 


I  i 


1 1 


1 1 


R.  Co. 

II 


II 


1 1 


II 


OPH^ 


Cumberland  Basin  C 

Midland  Mining  Co. 

Idle. 

New  York  Mining  C 

Piedmont  &  Georgei 


1 1 


•• 


Consolidation  Ootl  ( 
Borden  Mining  Co. 


1 1 


4« 


(• 


Consolidation  Coal  ( 


It 


Midland  Miniiig^ 
Union  Mining 
H.  &  W.  A. 

Barton  & 


I  i 


New  Central 
Georges  Creek 


Idle. 


i« 


I 


I  Mar>'land  Coal 


Coromandel 
Lonaconing 
Idle. 
Moscow- 


1 1 


•« 


4* 


Estate  of  James  Morrison. 

Piedmont  &  Georges  Creek  Coal  Co. 

H.  G.  Davis  &  Bro.  &  J.  O.  J.  Green. 

Empire  Coal  Co.  and  Jones  and  Owens  Estates. 

Georges  Creek  &  Bald  Knob  Coal  Co.  bo*t  of  Brailer 

Braddock  Coal  Co.  heirs. 


Piedmont  Mwi«y  Od 

W.  J.  Cfaapman  Ooil 

American  Coal  Oo. 
«(  ti    •• 

Potomac  Coal  Oo. 

Frostburg  Ooal  Ifiiii 

Phoenix  &  Geocgei  ( 

Cumberland-Geoffgei 

Idle. 

Davis  Coal  &  Ooke  C 

Idle. 

Davis  Coal  &  Ooke  C 

Piedmont-Ciiniberlaii 


If 


It 


Piedmont  &  Georges 

Idle. 

Geo.  C.  Pattison. 

Georges  Creek  &  Bal 

Braddock  Coal  Oo. 


NOTB:— Pittsbtuv  Coal  ahown  on  Map  in  Solid  Color. 


I«ower  Coals  in  Sbadinff  of  same  color. 
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Carlos  No.  1,  Babtox  axd  Geobuks  Creek  Vai.u£v  Ciiae.  Coupant.  Carlos. 


Shal* 
Co»l 
Shal* 
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KoosTz   Mine.   New   Cente&l  Coal  Compact,   Kooktz. 
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,  O.NE  Mile  Soitiiwest  of 
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Jackson  No.  5.  Amebican  Coal  Compact,  Pekin. 
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Fiut-coAL  Mine.  Suitii  E 
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Ou>  PoTouAC  Mi.NE,  U:iiON  MiM.to  Comfaxi,  One  Mile  Southeast  or  Buctox. 


IVLAND  OEOLOOICAL  9URVEV.  VOLUME  V,  PLATE  XXKIII. 


D  GEORGES  CREEK  C 


Fig.  2.— bbaddock  mining  coupanv. 
views  of  coal  mining  plants. 
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Old  Phoenix  Mine,  Oke  Mile  Nobthwebt  of  Phoekix. 
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MAK^XAXD 
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Bedstone  coal. — This  seam  appears  at  an  interval  of  from  18  to  40 
feet  above  the  Pittsburg  coal  but  is  generally  ao  thin  and  irregular  as 
to  have  no  economic  value.  Its  proximity  to  the  Pittsburg  coal 
would  render  the  seam  unworkable  even  if  it  were  otherwise  valuable. 

Section  of  Bedstone  Coal. 

Georqes  Cbeek  and  Bald  Knoii  Coai.  Company,  One  and  One-foubtii  Miles 

NoBTii  OF  HocHT  Savage. 


Lower  Sewickley  coal. — This  seam  occurs  at  an  interval  of  from 
40  to  45  feet  above  the  Kedstone  coal.  It  has  been  cut  on  the  Bor- 
den shaft  and  in  the  Pumping  shaft  of  the  Consolidation  Coal  Com- 
pany and  also  outcrops  on  the  property  of  the  Maryland  Coal  Com- 
pany. Its  local  separation  from  the  Upper  Sewickley  or  Tyson  coal 
has  already  been  described. 

Section  of  Lower  Sewickley  Coal. 
Mabtiasd  Coal  Coupanv  Opening  above  Kinosley  Mihe,  Lokacokinq. 


Upper  Sewickley  (Tyson)  coal. — This  seam  which  is  locally  known 
s  the  "  Gas  coal "  occurs  at  an  interval  of  from  105  to  120  feet  above 
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the  Pittsburg  and  about  45  feet  above  the  I/iwer  Sewickley  coal. 
This  coal  is  very  persistent  and  has  considerable  economic  importance. 
It  is  being  mined  at  a  number  of  points  at  the  present  time.  Like 
the  Pittsburg  coal  this  seam  thickens  from  north  to  south  and  has 
its  maximum  development  in  the  lower  end  of  the  Georges  Creek 
basin. 

Sections  of  Upper  Sewickley  Coal. 
Mi.\K  ON  Eabtekn  PiBT  OF  WiTHCB'a  Tract,  One  and  Oke-balf  Mnxs  Noktu- 

BAST  OF  1.ITTI.E  Ali.egbeny. 


I)  Gii»Bct:B  Cbcek  CoAt.  Compant,  KrKiiART. 


MARYLAND    OEOLUUIOAI.    8UKVEY 


rull  luLphur  iitreiki 
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Bone  and  ihalc 


VOLUME  V.  PLATE  » 
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Babtox  Mining  Coupanv's  Mine  at  Babton. 

Top  Ihllo  4  in. 


Coll  mil  at  nilphiir 


Amebicas  Coai,  Company's  Caledonia  Mine,  One  Mile  West  of  Babtox. 
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DAVia  Coal  k 


■nd  (oTlfT  below 


UnioTdown  coal. — Tliis  seam  is  very  thin  and  has  been  recognizeil 
ill  tlie  Pimping  shaft  near  Frostburg.  It  is  a  thin  and  unimportant 
seam  and  probably  has  at  no  point  sufficient  thickness  to  be  of  eco- 
nomic value. 

Pumping  Shaft,  Consolidation  Coal  Company,  Pbobtbuko. 


Waynesburg  {Koontz)  coal.— This  seam  occurs  at  an  interval  of 
from  220  to  240  feet  above  the  Upper  Sewickley  coal.     The  area  of 
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uutcrop  of  this  coal  is  small  but  the  vein  is  persistent  and  lias  con- 
siderable economic  value  although  it  can  never  be  of  any  great  im- 
portance on  account  of  the  limited  amount  of  coal.  This  coal  is  at 
the  top  of  the  ilonongahela  formation  and  has  been  locally  known 
in  the  Georges  Creek  valley  as  the  Koontz  seam. 

Sections  of  Wayneshurg  Coal. 
New  Centkal  Coal  Company,  neab  Head  of  Koo.ntz  Mine  Pi^.ve. 


American  Coai.  Company,  near  Loxm 
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Amebican  Coal  Cdupant,  neab  LoNAcotrntQ. 


THE  DUKKAiCD  COAI.S  OF  THE  GEOROES  CBEEE  BASIK. 

The  Diinkard  coals  cover  so  small  an  area  of  outcrop  and  are  in 
general  ao  thin  that  with  the  exception  of  a  single  seam  they  ba\e 
little  economic  value.  These  coals  are  limited  entirely  to  the  Qeorgea 
Creek  basin  and  are  found  maiuly  in  the  central  portion  of  the  region. 
They  will  probably  never  be  mined  to  any  extent  with  the  exception 
of  the  Washington  seam  and  that  has  not  been  very  fully  developed 
as  yet.  These  upper  beds  were  earlier  referred  to  under  the  name 
of  the  Upper  Barren  Measures. 

Waynesburg  "A  "  coal. — ^Tliis  coal,  which  has  a  thickness  of  2 
feet  on  "  Dug  Hill  "  near  Lonaconing.  possesses  no  conmiercial  value. 
It  is  generally  found  at  from  40  to  45  feet  above  tiie  Waynesburg 
coal. 

Washington  coal. — This  coal  occurs  at  an  interval  of  about  120  feet 
above  the  Waynesburg  coal.  It  has  a  thickness  of  between  3  and  4 
feet  more  or  less  broken  up  with  shale  bands  but  the  quality  of  the 
coal  is  not  well  known.  Its  sr^all  area!  extent  gives  it  little  economic 
value. 


II 
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Section  of  Washinglott  Coal. 
Sectiox  East  ok  Pumpinq  SlIA^•T,  Fbostbiw 


Jollytoivn  coal. — This  coal  occurs  in  a  tliiii  seam  of  siiiall  ureal 
extent  and  has  uo  commercial  value. 


TiiK  UrPEE  Potomac  Basix. 

The  Upper  Potomac  haain  is  a  syncline  which  is  wider  and  shal- 
lower than  the  Georges  Creek  basin.  It  is  a  simple  syncline  from 
Piedmont  to  a  i>oint  near  Harrison  where  the  axis  forks  by  the  devel- 
opment of  a  low  anticline  in  the  center  of  the  broad  basin.  Between 
Piedmont  and  Harrison  the  Potomac  meanders  near,  and  in  general 
west  of,  the  synclinal  axis.  Between  Harrison  and  Schell  tlie  river 
flows  not  far  from  the  western  fork  of  the  axis,  probably  crossing  it 
several  times.  Above  Schell  the  river  seems  to  be  constantly  to  the 
east  of  the  western  fork  of  tht  axis. 

The  Maryland  part  of  this  basin  is  not  deep  enough  to  contain 
any  coal  above  the  Conemaugli  formation,  except  in  Fairfax  Knob 
and  in  the  small  knob  near  Sliaw  where  the  Pittsbnrg  coal  was  for- 
merly rained. 

The  Ixiwer  Kittanning  coal  is  of  workable  thickness  and  quality 
throughout  the  greater  part  of  this  basin.  Below  Stoyer  it  can  all 
be  mined  by  drift  from  the  Potomac  valley. 

Above  Stoyer  it  is  all  shaft  coal  except  along  the  western  outcrop. 
The  dip  is  not  great  enough  to  prevent  the  coal  from  being  readily 
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mined  in  all  directions  from  shafts  located  anywhere  along  the  line 
of  the  railroad.  The  coal  is  of  exceptional  thickness  and  quality 
above  Gorman. 

The  Upper  Freeport  coal  can  be  mined  by  drift  from  the  center 
of  the  Potomac  valley  as  far  south  as  Bayard.  Above  this  point 
it  is  all  shaft  coal  except  along  the  western  outcrop.  Like  the  I^wer 
Kittanning,  it  becomes  more  valuable  toward  the  south. 

The  Bakerstown  coal  is  drift-coal  in  its  entire  area.  It  improves 
in  quality  and  thickness  toward  the  north,  being  most  valuable  in 
the  region  between  Blaine  and  Windom.  The  Upper  Kittanning  and 
Tx)wer  Freeport  are  only  locally  workable.  The  former  is  kno\\Ti 
to  be  workable  only  in  the  region  around  Harrison,  and  the  latter 
in  the  headwaters  of  Three-fork  Run.  Both  of  these  seams  are  here 
drift-coal,  and  are  shown  by  borings  to  be  extremely  thin  or  even 
absent  in  the  upper  part  of  the  Potomac  valley  where  they  are  below 
drainage. 

THE    rOTTSVILT.E    COALS    OF   THE   POTOMAC    BASIN. 

The  Pottsville  coals  are  practically  unknown  in  the  Potomac  basin. 
Throughout  most  of  the  area  the  Pottsville  formation  lies  below  the 
river  level  while  its  outcrop  on  the  mountain  sides  is  obscured.  The 
Pottsville  coal  seams  generally  are  so  thin  and  unimportant  in  ilary- 
land  that  no  development  work  has  hitherto  been  undertaken  in  the 
Potomac  basin.  A  few  traces  of  coal  below  the  base  of  the  Alle- 
gheny formation  have  been  observed  although  the  so-called  Railroad 
seam  mentioned  in  earlier  discussion  of  the  Greorges  Creek  basin  and 
referred  in  part  to  the  Pottsville  coal  seams  has  been  referred  by 
Dr.  1.  C.  White  in  his  West  Virginia  coal  report,'  to  the  Mercer 
Group  and  thus  to  the  horizon  of  the  Mt.  Savage  coal.  It  is  prob- 
able, however,  that  most  if  not  all  of  the  Railroad  seam  above  Pi^' 
mont  should  be  regarded  as  the  equivalent  of  the  Clarion  seam  and 
therefore  to  be  referred  to  the  later  or  Allegheny  formation. 

It  is  not  probable  that  any  of  these  Pottsville  coals,  if  ever  pros- 

'  West  Virginia  Geol.  Survey,  vol.  li,  1903,  p.  626. 
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pected,  will  be  found  to  have  any  economic  value.  They  are  prob- 
ably thin,  unimportant  beds  and  as  in  the  Georges  Creek  basin  may 
almost  if  not  entirely  disappear. 

THE   ALLEGHENY   COALS   OF   THE   POTOMAC   BASIN. 

The  Allegheny  coal  seams  are  the  most  important  of  the  coal  beds 
of  the  Potomac  basin.  Several  seams  are  found  of  workable  thick- 
ness, two  in  particular  being  widespread  and  of  increasing  importance 
in  proceeding  up  the  valley.  They  reach  their  maximum  develop- 
ment near  the  southern  end  of  Garrett  county  where  they  are  already 
the  source  of  a  large  coal  output  at  Henry  on  the  West  Virginia  bank 
of  the  river.  Prospect  openings  and  bore-holes  show  that  a  large  ter- 
ritory extending  along  the  southern  slopes  of  Big  Backbone  Mountain 
as  far  as  the  valley  of  the  North  Branch  of  the  Potomac  and  beyond 
into  West  Virginia  is  underlain  by  coals  of  the  Allegheny  formation. 
As  the  overlying  formations  have  been  largely  removed  by  erosion 
these  coals  can  be  readily  reached  by  drifts  or  shallow  shafts  through- 
out the  central  part  of  the  valley.  They  are  thus  much  more  acces- 
sible to  railroad  transportation  over  a  large  part  of  the  area  than  in 
the  Georges  Creek  basin  where  their  greater  thickness  assures  their 
earlier  development.  They  will  in  the  near  future  become  next  to 
the  Pittsburg  seam  of  the  Georges  Creek  valley  the  chief  source  of 
supply  for  this  region. 

Brookville  (Bluebaugh)  coal, — The  Brookville  seam  which  is  so 
important  in  the  upper  part  of  the  Georges  Creek  basin  but  which 
has  largely  disappeared  before  the  lower  part  of  that  area  is  reached 
is  practically  undeveloped  in  the  Potomac  basin.  It  is  not  probable 
that  it  will  be  found  at  any  point  of  sufficient  thickness  to  have 
commercial  value. 

Clainon  coal. — The  Clarion  coal  occurs  at  from  15  to  30  feet  above 
the  base  of  the  Allegheny  formation.  It  contains  between  2  and  4 
feet  of  coal  in  the  Potomac  basin  although  the  various  benches  are 
frequently  separated  by  partings  of  bone  and  shale.  The  Clarion 
coal  of  the  Potomac  basin  has  often  been  confused  with  the  Pottsville 
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coala.  In  the  northern  part  of  the  hasin  this 
as  the  "  Railroad  "  seam  siiico  it  h  frequently  e 
cuttings. 

Sections  of  Vlnrion  VoaJ. 
Prospect  on  Nobtit  Ba.nk  of  Lavri:i.  Rus.  0\e-iiai.» 


Cut  o^  W.  Va.  C.  R.  r.  . 
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nnoBKiOM-  Lower  Fork  of  Turee-fobk  Creek,  O.ne  Mile  West  or  Cuajtib. 


Two  Hundred  Yards  Nobtu  op  Station  at  Craffee. 

Sindituni^  0  to  15  It 
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SECTio.t  o.t  Fahcv'h  Plane  seab 

Bhlle  OS  ft. 


c<i*i  a  ft. 


East  of  Hari!I1^ 


Cut  OS  B,  t  O.  B.  R.  above  Black  Bk 

SliBk'  £i  It  ± 
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Lower  {and  Middle)  Kittanning  {Davis  or  "  Six-foot  ")  coal. — 
This  seam  ia  tlie  moat  iini>ortant  in  the  Potomac  basin.  It  covers  a 
large  part  o£  the  region  especially  in  the  sonthern  part  of  the  valley 
where  it  nnderlies  the  entire  area.  As  in  the  Georges  Creek  valley, 
this  coal  is  often  separated  into  two  quite  distinct  seams  by  a  shale 

S<-rlioi,s  of  Lower  and  Middle  Kitlaninng  Coal. 
Pbobpect  Tiibee-foubths  Mile  West  or  Windom. 


Coal  1  (I.  3  in. 


parting  that  niiiy  at  time-*  reach  several  feet  in  thickness.  It  is  prob- 
able, tbei-efiiTi?.  ihat  this  seam  is  the  equivalent  of  the  Lower  and 
iliddlf  Kirtanning  of  Pennsylvania.  This  coal  occnrs  from  90  to 
150  feet  above  the  base  of  the  formation  and  from  170  to  210  feet 
l>elo\v  (III'  tiij).  It  is  at  times  considerably  broken  up  by  shale  and 
bone  partings  although  generally  one  or  more  benches  consist  of 
clean  high-grade  coal  of  workable  thickness.  The  entire  seam  varies 
from  4  to  6  feet  in  thickness,  which  in  the  sonthern  end  of  the  basin 
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may  at  times  reach  iienrly  8  feot  iu  thicknet 
squeezed  in  the  fioiithern  i>nrt  of  the  area  than  in 
called  ■'  faiiltB  "  earlipr  descril>ed  iii  tlio  case 
Georges  Creek  basin  being  much  less  frequent, 
throughout  most  of  the  Imsin  as  the  Davis  sea: 


Virginia,  where  it  Wiis  lir^it  worked  extensively  b 
Coke  Coiii|miiy.  In  the  vieinity  of  Piedmont,  ' 
been  more  frequently  referred  to  under  the  nan 
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Bab.svm  MiTfE.  Onf.-iiai.f  Mile  Soi'tiiwkst  ok  Babnum. 


Babm-m  Mikk,  I'uttTKEii  i\,  One-iialk  Milk  Soi^tiiwest  ov  Babnuk. 
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Opemxo  n\  Ei.Ki.iL'K  Rr\,  O.ne  Mile  Bast  ov  I 


Small  Oi'RMNti  iin  Makvi.and  Sint:  ok  Rivck,  One-ii. 
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Hakil's  Loweb  OPK:riN<i,  Three-folbtiib  Mils  Noarn  of  Buinb. 

Blick  ihile  1  (I.  10  in. 


Ct-al  1  It.  1  in. 
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KiTZMiLLEB  Mine,  neab  Bi^in 


Blaine  Coal  Company.  One  and  Onk-fovbth  MiLEt 
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Fahev's  Mi\e,  One  and  Osk-uaut  Miles  Sui'tiiwks 


R.  A.  Smith's  Mink.  One-half  Milk  Solti 
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NoBTii  Fork  <»    Lns 


.M>  Hi  N.  Three  a 
Harhiaox. 


lIAItYLAMI    OEOLOOrCAI.    St'BVEY 
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MisE  o>  OiJ>  Tbam  auove  Kabbisox 

Shile  rool  


Coil  «  Ib. 

Bbih  9  in. 

tMl  1  rt. 

PMrispixT  ON  Hill  adove  Schell. 


mar\t.asd  geolooical.  survey 
Class's  Opbmnq, 


Openiko  up  Cheek.  One-half  Milk  North  of  Stovei 


RKI-OI!T    ON    TlIK    COAI.S    OK    MAI 
Ml^K  ON  Oi.i)  Tkam  Aiiovi:  Hahbii 


pRiisi'KCT  ON  Hill  aiiuvf.  Scubu 
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ItKl'ORT    OS    TIIE    COALS    OF    MAB 
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«  Shaft  (Davis  Seau),  Davis  Coal  asd  Coke  Company,  Hesby. 
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Room  off  Six-foot  Tr:iNEL.  Davib  Sk&m,  Shaft  at  Thomas. 


BUckJick 
Coal 
Sbile 


Upper  Kittanning  coal.— This  seam  occurs  from  35  to  65  feet  nbovo 
the  top  of  the  Lower  Kittnnning  coal  in  the  Potomac  basin  ivLere  it 
has  been  found  to  reach  a  thickness  of  between  3  and  4  feet  of  clean 
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KiTZMiLLEB  Mine,  heab  Bijiixk. 


Blaine  Coal  Company.  One  ami  One-hjibtu  Mili 
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Louer  FreepOJt  coal.— The  Ijower  Freeport  coal  is  a  thin  and  uu- 
iiiiportant  Beam  in  the  Potomac  baHiii  and  elsewhere  within  the  State. 
It  occurs  at  an  inten-al  of  55  to  80  feet  above  the  irpper  Kittanning 
and  from  100  to  140  feet  above  the  I-ower  Kittanning  coal  and  is 
(•onmionly  fonnd  from  35  to  CO  feet  below  the  top  of  the  Allegheny 
formation.  This  seam  probably  will  not  be  foimd  to  occur  with 
sufficient  thickness  to  possess  any  commercial  value  and  is  much  less 
l>ersifltpnr  in  occurrence  and  nniform  in  character  than  the  other 
seams  of  this  basin. 

Seciiovs  of  I'pper  Freeport  Coal. 

FiRK-COAL  MiXE,  TUBEK-FOVRTHS  Mn.E  SolTTHWCST  OF  BaBNUU. 


Taskebs.  on  Riveb  Fbont.  One  Mile  NnRTii  of  Chaffee. 
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North  Fork  or  l.osTr.iMi  Rin,  Thbek  and  Osi 
Habbihon. 
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ocally  as  the  Thomas  or  "  Three-foot "  coal.  It  is  the  upper  vein 
it  Thomas,  West  Virginia,  where  it  has  been  extensively  mined  by 
:he  Davis  Coal  and  Coke  Company.     It  is  a  very  persistent  seam 


Small  Opemno  up  Olh  Road  to  West  f 
Shale  3  It. 


R.  A.  Smith's  Mine,  Oke-half  Mile  Sovti 


HKl'OltT    i)X    TIIK    rilAI-S    UK    MAKY 

MiNt:  [)N  Olii  Tham  Aiiiiri:  Habbko 


PuiisrucT  ox  Hill  aih.ve  Schcll 


MARVI.ASD   QEOLOCIICAI.    9UBVEY 


He  hasin  where  it  may  at  limes  Ix;  win-ked  from  tbc  same  shaft  as 
I»iver  Tvittaiiiiing  coal,  as  at  Hoiiry. 


!  Trout  Rus,  Two  Mii.es  Noitthwksi 
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and  eomniOQlj  containa  from  2  to  4  feet  of  good  c 
exceed  5  feet  in  thickness  &specialiy  in  the  iwmtl 


Opesinc  One-half  Milr  South  ok  Hai 
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Opemko 

Shilc  <cood)  roof 


Sectios  ix  SiiAiT  (■' Thomas  Seam  "),  Davis  Coal  andCoke  Cohpanv,  Hesrt, 
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Ml>-E    OS    WUTKBN    Ov 
Sbale 


,Iakb  Andebbon's  Prospect.  Moon  Ridoe,  Tjibek  Mi 
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Section  of  Mahoii'uuj  Coal. 
F.R  Front.  Seam  C.  Tiibek-foubtiis  Mile  NoBTHwEaT  o 

CUKFVEE. 


Brush  Creek  (Masontou-n)  coal. — This  seam  is  quite  jwrsistcnt 
(1  ooiitaiiis  a  lied  of  coal  gencrallv  somewhat  less  than  2  feet  in 
ifknoas.  The  coal  where  obsei-vcil  has  been  found  to  be  of  fair 
ality  but  the  thickness  nf  the  seam  docs  not  indicate  that  it  cau 
profitably  devclopeil  in  the  Potomac  basin.  This  bed  oeeiirs  at 
interval  of  abont  95  feet  above  tlio  Mahoning  and  from  75  to  100 
?t  alKive  the  T7]iper  Freepovt  coal.  ■ 

S<-rfions  of  lUunh  Crerl-  Coal. 
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DAvm  Mi?iK   C'TlliorAS  Se*.m  "1.  Davis  Ciml  and  < 


THE    fOXKMAUC.II    L'OAT.S  OF   TllK   POT( 

The  Conoiuiuigh  t-naU  urc  of  very  imioli  less 
Allegheny  coal*  iiml  (■i)v<'r  a  mm-h  more  icstric 
sist  of  only  a  single  Kciini  tlmt  may  l>c  eimsidt 
sidprahlo  economic  value,  viz.,  the  Baker^town  *■ 
tlie  small  anioiint  <)f  eoal  deve!i)()ril  in  the  for 
by  the  enrluri"  fipolopisls  ihe  T^fiwci'  liarren  Mea; 

Mnhmnng  cflo/.— This  .soaiii  is  vc-ry  invgiihi 
the  Pot-omae  hasiii  iiltaiiis  to  i-nal  of  <'i'oiiomie  vii 
njijioars  altojretlier  or  is  i-ppivsf-iite<l  hy  a  thin  in 
hetweeii  liio  I'pinT  ami  l.owci-  Mahoning.'  saml 
of  from  4.1  to  iJO  fcPt  nli.ivc  llic  V\>\wy  I'roeport 
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■ii.'s  Mine,  Saue  Locality  as  Pbecedino. 


Hud  riulc  rvit 
Coal  and  banc 
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Hamil'm  Opexixg,  Oxe  Mile  Northwks-, 


Bakprstowt}  (Barton  or  "Four-fool")  coa 
most  iinpwrtaiit  of  the  Conemaiigh  coals.  It  is 
thiokiiess  but  vorv  persistent  although  some  o 
or  less  Wny.  It  lias  a  thi(?kiiess  of  from  2  to  ^ 
hest  <Ievelopiiieiit  of  the  coal  being  fouml  iii  th 
haain  although  it  seldom  attains  that  thiokrc! 
at  ail  interval  of  frum  90  t.)  l■^5  feet  alwve  th. 


Si'rtionn  of  Bakerstown  Co 
Pattishx   Misb,   TuBFE-voriiTHS  Mux  NoHTnwf 
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Section  East  of  Shaw  (in  West  VnainiA). 

BUck,  Hiidy  tlm]f  3  tt. 
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MUMHIK   COAI.   MIXI.VU   CflMPANV,   OxK   MiLK 


Shari-lf^s   Mink.   Two   Mil. 
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A.  Wilson's  .Mine,  Twd  a^d  O.ne-half  Miles  Nobtbeast  of  Ta8ker  Coknehs. 


N.  B.  Harvey's  Mine.  Oxe  Uile  Nortkwejit  of  Keabnbt. 


Sofl  ihalc  r>H>l 


TlIK    CUALii    OF    UAS1 


[  Btx;KUAN'9  Mine,  Thbk£  Mii^s  Nobtu 


3  in. 
a-i  Id. 
tin. 


I,  One  Mile  Nokthwes' 
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Mins  Tkbze- 


MlLE    NOBTUWEBT    OF    BATARO. 


OetNina  Wkst  or  Sawmill  at  Batadij. 


Mine  on  Hill  Southeast  of  Batabo. 
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Fiuc-i'nAi.  Mine  ns  Stiivkr  PBorF-RTv.  TirBEK-rouRTHS 


OEOMii:  Stoteb'b  Mine,  Ose  Mcb  Nobtheas- 
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James  Habvey's  Mine,  One  ako  One-fooktb  Mif£s  South  of  Kelso  Gap. 

ruaalLitsraiH  ihily  limatonc  


Other  coals. — The  higher  seaioa  of  the  Conemuiigh  formation  are 
poorly  developed  in  the  Potomac  basin.  They  all  oc«iir  in  limited 
areas,  chiefly  in  the  southern  part  of  the  basin  where  very  few  at- 
tempts have  been  made  to  examine  them  hitherto.  It  is  doubtful 
whether  any  of  them  occur  in  sufficient  thickness  to  possess  an  eco- 
nomic value. 

THK  MOSONaAHELA  C0AI.8  OF  THE  POTOMAC  BASIN. 

The  Monongahela  coals  are  practically  absent  from  the  Potomac 
basin,  the  beds  of  the  Monongahela  formation  being  found  only  in 
two  very  small  isolated  areas  on  the  Maryland  side  of  the  North 
Branch  of  the  Potomac  river.  The  chief  occurrence  is  on  the  hill 
to  the  northwest  of  Shaw  where  a  thick  but  very  small  body  of  Pitts- 
burg or  "  Big  Vein"  coal  was  found.  This  small  tract  was  long 
since  entirely  worked  out  bo  that  the  coal  there  found  has  no  economic 
significance  at  the  present  time.  Another  small  area  is  found  not 
far  from  the  Fairfax  Stone.  A  much  larger  tract  of  "  Big  Vein  " 
coal  (icciirs  at  Elkgarden  on  the  West  Virginia  side  of  the  river  and 
has  been  extensively  mined  at  that  point  for  many  years  by  the 
Davis  Coal  and  Coke  Company. 

None  of  the  Monongahela  coals  above  the  Pittsburg  seam  have 
been  found  in  the  Potomac  basin  as  all  of  the  strata  above  that  hori- 
zon have  been  entirely  removed  by  erosion. 
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Secliotia  of  Pittsburg  Coal 

FlBE-COAL  OPEM.NQ   O.fE  AND  TlIBBB-rOUBTlIS    MiLEB 


'•••"ca 
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Section  No.  6  OPEnina  at  Elkoabden. 
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The  Castleman  Basin. 

The  Castleman  basin  is  a  simple  shallow  syncline  with  gentle  dips 
and  a  still  gentler  northeastward  pitch  of  its  axis.  It  does  not  con- 
tain any  Pittsburg  coal  in  its  Maryland  portion.  The  axis  of  the 
basin  extends  in  an  almost  straight  line  through  the  eastern  end  of 
Grantsville,  the  forks  of  the  Castleman  river,  and  Bittinger. 

The  Conemaugh  seams  can  be  almost  entirely  mined  by  drift  from 
the  Castleman  valley.  The  only  exception  to  this  is  that  the  Grants- 
ville seam  in  the  very  center  of  the  basin  would  have  to  be  reached 
by  slopes  or  shallow  shafts. 

The  Allegheny  seams  are  almost  entirely  shaft  coal.  They  under- 
lie a  very  large  area  but  their  thickness  and  quality  are  very  imper- 
fectly known.  The  bore-hole  at  Jennings  Mill  which  gives  our  only 
section  of  them  showed  that  they  were  not  workable  at  this  immediate 
point.  They  should  be  tested  at  other  points,  where  they  will  prob- 
ably be  foimd  to  be  workable  under  large  portions  of  the  valley. 
The  bore-hole  at  Jennings  Mill,  which  was  located  very  slightly  east 
of  the  axis  of  the  basin,  showed  the  Upper  Freeport  at  a  depth  of 
193  feet,  and  the  Lower  Kittanning  at  a  depth  of  341  feet.  The 
detailed  record  of  this  boring  is  given  on  pages  250  and  253  of  this 
report.  These  seams  can  be  reached  at  approximately  these  depths 
anywhere  along  the  line  of  Jennings  Bros.  R.  R.  The  deepest  part 
of  the  basin  is  somewhat  west  of  the  railroad. 

THE   POTTSVILLE   COALS   OF   THE   CASTLEMAN    BASIN. 

The  Pottsville  coals  have  not  been  prospected  to  any  extent  in  the 
Castleman  basin.  They  are  all  thin,  unimportant  seams,  as  else- 
where in  Maryland,  and  will  probably  never  be  found  of  sufficient 
thickness  to  have  any  economic  value.  The  Pottsville  formation 
outcrops  around  the  margin  of  the  basin  but  no  coal  seams  of  jiny 
significance  have  ever  been  observed  at  any  point.  The  Mt.  Savage 
coal  has  been  found  a  short  distance  to  the  north  of  the  Pennsylvania 
line  but  not  of  sufficient  thickness  to  possess  any  value.      There  is 
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very  little  cbiiuct)  that  any  of  the  Potteville  seaius  will  be  found  to 
have  even  local  value  and  they  are  hardly  worth  the  time  and  money 
that  would  be  required  to  exploit  and  develop  them. 

Mount  Savage  coal. — The  Slount  Savage  seam  lias  little  or  no 
economic  value  in  the  Castleman  basin.  Traces  of  its  presence  may 
be  found  here  and  there  below  the  Homewood  sandstone  and  an 
opening  has  been  made  on  Piney  Run  a  short  distance  north  of  the 
Mason  and  Dixon  Line.  At  this  point  it  is  very  impure  and  bony 
and  offers  little  indncemeut  for  further  prospecting  for  this  seam  in 
the  Maryland  portion  of  the  basin. 

Section  of  Mount  Savage  Coal. 
Opemnq  O.N  Piney  Run,  a  Short  Distance  North  of  the  Mabtland-Pennbvl- 


THE  ALLEGIIF-NY  COALS  OF  THE  CASTLEMAN  BASIN. 

The  All^heny  coals  lie  at  considerable  depth  beneath  the  Castle- 
man basin  except  aronnd  the  margins  of  the  synelitie.  They  have  been 
very  little  prospected  hitherto  and  the  thickness  and  extent  of  these 
coals  are  less  fnlly  known  in  this  basin  than  elsewhere  in  the  State, 
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More  extensive  drilling  will  be  required  to  determine  the  value  and 
extent  of  the  Allegheny  coals  than  has  been  hitherto  undertaken. 
The  single  bore-hole  at  Jennings  Mill  does  not  show  that  the  Alle- 
gheny coals  at  that  point  have  ilny  great  thickness  but  as  all  of  ihe 
Beams  vary  more  or  less  from  point  to  point  the  extent  and  character 
of  the  Allegheny  coals  cannot  be  considered  as  proven  by  a  single 
drilling.  It  is  quite  possible  that  none  of  the  seams  will  be  found  to 
have  the  same  thickness  in  this  region  as  in  the  other  basins  hut  there 
is  hardly  sufiicicnt  information  at  the  present  time  to  determine  defi- 
nitely this  point.  The  Allegheny  coals  present  in  workable  seams 
will  be  found  to  cover  a  much  larger  area  than  the  higher  coals  but 
will  have  to  be  reached  over  the  greater  part  of  the  basin  by  compara- 
tively deep  shafts. 

Section  of  Brookville  Coal. 
Opehisg  on  Pikey  Run  North  of  HAByLARD-FBNnBTXVANiA  Lixe. 
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lirvokville  (^Bluebaugh')  coal.- — The  Brookville  seain  has  probably 
very  little  economic  value  in  the  Castleiuan  basin.  It  has  been  found 
a  short  distance  to  the  north  of  the  Pennsylvflnia  line  where  the  coal 
shows  a  thickness  of  less  than  1  foot.  It  has  not  been  opened  at 
any  point  within  the  Maryland  portion  of  the  basin  and  there  are  no 
indications  that  the  coal  will  be  found  in  sufficient  quantity  to  be  of 
any  value. 

Clarion  (Parker)  coal. — The  Clarion  seam  is  much  better  devel- 
oped than  the  Brookville  in  the  Castleman  basin,  having  been  found 
at  a  number  of  points  of  sufficient  thickness  to  show  its  probable  com- 
mercial value.  It  has  not  been  seen  over  any  large  portion  of  the 
basin  since  it  is  deeply  buried  except  around  the  margins  and  more 
prospecting  work  will  be  required  before  the  extant  and  character  of 
the  coal  can  be  fully  determined.  The  Clarion  seam  is  found  from 
15  til  30  feet  above  the  base  of  the  Allegheny  formation.  It  shows  a 
thickness  of  over  3  feet  of  good  coal. 

Sections  of  Clarion  Coal. 
Opening  os  Piskt  Run  Nohth  or  the  Mabylasd-Pennbylvania  Line. 
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Openi.no  of  M.  l^EOKER,  TtiReB  Miles  Nobthw 


Lower  (and  Middle)  Kittann'mg  {Bender) 
important  in  the  Georges  Creek  and  Potomac 
tliiekness  in  the  Castleman  basin,  although  th 
of  the  coal  are  not  as  fully  workeJ  out  in  th' 
former.  This  seimi  is  deeply  buried  over  mi 
comparatively  few  openings  have  been  made 
the  r^ion.  The  single  bore-hole  at  Jenning 
seam  is  not  very  thick  at  that  point  but  as  th 
variable  in  the  oilier  basins  this  single  bore-h( 
termine  the  character  of  this  seam.  To  the 
vania  line  this  coal  is  found  of  workable  thick 
that  it  will  upon  further  investigation  be  foun* 
a  ci-immercial  standpoint  over  portion:?  at  least  o 
This  coal  iiecurs  from  WO  lo  150  feet  above  the 
formation  and  from  170  t*)  210  feet  below 
locally  known  in  the  Cattleman  basin  under  tl: 
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Sections  of  Lower  Kittanning  Coal. 

OPENINO    oh    PIHET    Rum,    NOBTK    of    the    MAB^LAND-PoNSTtVAMA     LlNE. 


Openino  oi*  Pinet  Run,  Nobth  of  the  Ma&tlaki>-Pexn8yi.vania  Line. 
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Joel    Bender's   Opening.   Thbee   and   One-half    M' 


Anotmeh  Measubbuent  Fi;btueb  ih,  at  £ 


'  As  reported  by  Mr,  Bender. 


MABYLAND    QEOLOQICAI.    BUBVET  459 

Lower  Freeport  coal. — A  coal  seam  supposed  to  represent  the 
Lower  Freeport  is  found  at  several  points  in  the  Castlenian  basin 
although  its  exact  equivalent  elsewhere  cannot  be  determined  with 
absolute  certainty.  This  seam  appears  at  a  distance  of  35  to  CO  feet 
below  the  top  of  the  Allegheny  formation  and  contains  1  foot  6  inches 
to  2  feet  of  coal  although  the  latter  is  badly  broken  up  by  shale  and 
lK>ne  coal.  The  seam  where  observed  is  hardly  of  sufficient  thickness 
to  have  more  than  very  local  value. 


Seclions  of  Lower  Freeport  Coal. 
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Iljid  ihale  roof 


'  JOH.N   Brkngman,   Thbee   Hiles   West-S 


Hinl  iluli  roor 


Upper  Freeport  coal. — The  Upper  Freeport  co 
poorly  developed  in  the  Castlemnn  basin  as  n 
have  been  made  in  it.  This  seam  is  {>eiietrat 
bore-hole  at  Jennings  Mills  where  it  shows  a  th 
under  3  feet  separated  into  two  bunches  by  bo 
seam  is  so  persistent  and  important  in  the  other 
sible  that  further  exploration  will  result  in  1 
workable  quantities  throughout  jtortions  of  the 
ing  of  the  region  for  this  coal  would  lie  fully  w, 
a  much  higher  level  than  the  Lower  Kittanning  i 
fore  be  reached  in  much  shallower  iilnifts  or  ar 
slopes. 


MAEYI.ANU 

Section  of  Upper  Freeport  Coal. 
BORE-KOLE  AT  jE:«NiNas  Mills. 


THE  CONEMAUOH  COAl.B  OF  THE  CASTI.EMAN  UASIN. 

The  Conemaugli  coals  are  much  better  knowii  in  the  Castleman 
baeiD  than  the  Allegheny  coals  as  they  occur  nearer  the  surface  and 
have  been  frequently  dissected  by  the  main  drainage  lines  of  the 
valley  so  that  the  coal  appears  in  ontcrop  at  many  points.  The  coal 
seams  of  the  Coneniaugh  formation  have  been  the  chief  source  of 
local  consumption  in  the  past  and  will  probably  be  the  most  important 
sources  of  coal  in  the  valley  unless  further  drilling  of  the  district 
should  show  the  presence  of  thicker  seams  in  the  Allegheny  forma- 
tion than  have  been  thus  far  encountered.  The  Conemaiigh  forma- 
tion shows  some  variations  in  the  Castleman  basin  from  its  typical 
development  in  the  Georges  Creek  and  Potomac  basins,  two  seams  of 
coal  appearing  in  the  Castleman  basin  that  have  not  been  recognized 
elsewhere.  One  of  these,  which  has  been  called  the  Grantsville 
seam,  contains  the  most  important  bed  of  coiil  hitherto  discovered  in 
the  area  and  has  already  been  «'orked  at  a  immter  of  points. 


462 


ON    THE    COALS    OF    MABYLA 


Mahoning  coal. — The  presence  of  this  sotiio  ia  ii 
Nortli  Branch  of  the  Castleman  river  although  th 
as  to  the  equivalency  of  the  seam  obsen'ed.  This 
interval  of  45  t^  00  feet  alwve  the  Upper  Freepo 
coimt  of  the  larfjc  amount  o£  sliale  and  bone  is 
able  except  for  purely  local  uses. 


Section  of  ^fahoning  Goal. 
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Brush  Creek  {Masontown)  coal. — This  seam  occurs  at  an  interval 
of  from  85  to  125  feet  ft1x>ve  the  Upper  Freeport  coal.  It  is  very 
persistent  in  the  Georges  Creek  basin  but  has  not  been  exposed  to  any 
extent  within  the  Castleman  basin  and  is  possibly  absent  at  some 
points.  This  seam  shows  a  thickness  of  somewhat  over  a  foot  in 
the  bore-hole  at  Jennings  Mills.  It  is  not  probable  that  it  will 
be  found  at  any  point  of  suiBcient  thickness  to  be  of  commercial 
value. 

Section  of  Brush  Creek  Coal. 
BoRE-uoLE  AT  Jekninos  Uills. 


Orantsville  {Beachey)  coal — This  seam  has  not  been  observed  in 
any  of  the  other  basins  and  apparently  has  no  named  equivalent  in 
adjacent  regions  in  Pennsylvania.  It  occurs  at  an  interval  of  about 
150  feet  above  the  base  of  the  formation  and  at  an  interval  of  50 
to  75  feet  below  the  Bakerstown  coal.  It  generally  contains  between 
3  and  3  feet  of  coal  although  it  has  been  found  at  one  point  on  the 
North  Hranoh  of  the  Castleman  river  to  exceed  5  feet  in  thickness. 
Further  exploitation  of  this  coal  will  prolmbly  reveal  considerable 
areas  of  commercial  valno.  It  lies  for  the  most  part  above  water 
and  can  be  obtained  hy  drift  mining. 


Ri;rOET    ox    TIIK    COAI.S    OF    1 


Sections  of  Grantaville  Coal 
!  Run,  just  Nortic  op  Mabtland-Pex 


m^ 


•^ 


HiNRY  BoMc's  Mine,  near  CrosS'Uoads.  Two  Miler  V 
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Mike  seas  National  Road,  One  amd  One-halp  Miles  West  of  Gia:(tsviixb. 


Hinl  ihale  Boor 


r  One  Mile  West  c 


466  It>;POBT    OK    THE    COA1.S    OF    MABt 

Stastos  Mine,  Ndbth  End  or  Riooixir  Hill,  Soutb 


Coal 
Son  ihRle  floor 


RiuGLEv's  Mine,  Insii>e  Section,  Ridoley  Hill,  Nobt 
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Sections  of  Bakerstown  Coal. 
i>  Cut  along  Castleman  River,  One  Mile  South  of  National  Roas. 


KiNsiNG^B  Mine,  near  Forks  of  Gabtleua\  River. 

Firm  ihole  root  


Hard  shil«  floor 
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MtKE  OX  Hti.L  One  Mile  East  or  JEi«Ht> 


Jake  BnTiKOEB  Mtne,  One  a 


Bakerstown  [^Honeycomb)  coal. — The  Bakers 
from  iTS  to  :iO0  feet  above  the  base  of  the  Cc 
It  has  been  locally  called  the  Honeycomb  sea) 
basin  and  baa  been  locally  mined  at  many  poln' 
generally  something  over  3  feet  in  thickness,  T 
however,  and  may  some  times  almost  disappear 
it  may  reach  nearly  if  not  quite  3  feet  in  thii 
reached  over  considerablo  areas  by  drift  and  is  . 
and  persistent  seams  of  the  basin. 


v/l 
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J.  L.  DuBST  Mine,  neah  Jennikos  MitLS. 

Hard  ahale  root  

Otal  m  in- 


IKb 
Sin. 


Bott  ihile  Boor 


J.  Handwebe's  Mini,  hkab  JBNtti>-aa  Mills. 


John  Miller'b  Mine,  neab  Jennings  Mills. 


EKPOKT    0.\    TllK    COAI^    OF   Hi 


Ml.NE  AT   RaILBOAD   BBIIIOE    NEAR   FORKB   OF   C 


Ross  CoMPTON's  Mine,  Salt  Block  W 


CHRi    BeVAS'S    Ml.NE,    NOBTII    OF    JENMN 
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BBE\E>rAX  ASD  Stark's  Mint:.  Northkast  of  BrmiraER. 


Peter  Lokb's  Mine.  One  Mile  SouTHBAar  or  Bittinoek. 


Joel  Bbeseman's  Mise,  One  akd  One-half  Miles  Soi'th  of  Bittinoer. 
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i    OF    MAE 

lAMPT. 

3s  But 

i.fms  Mine,  Ose  axd  Ose-iu 

MllLS. 

1I.P  MlUB 

Prospect  ox  Mav.n 


GtoKtiE  Brew's  Mi:«e,  One  i 
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F.  N,  Bitti.nger'b  Mine,  Two  and  One-halt  Mii-es  Ba 


Coal                              1  ft.  U  in. 
[.in>'  nf  ijiritt  nodulca  


Maynadier  coal. — This  seam  is  also  confine 
basin  and  is  found  at  an  interval  of  about  25  fe 
town  coal.  It  has  no  known  equivalent  in  the 
coal  lias  a  thickness  of  between  3  and  3  feet  alth< 
bony  and  is  also  divided  by  shale  partings  into  t 
It  pmbably  has  no  commercial  value  on  account 
poor  quality. 

Sections  of  Maynadier  Coal. 
Railroad  Cut  aloxo  Castleman  River.  One  Mile  Sou 


Shilu  S  to  8  In. 


/> 


A  f^f7 
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Other  coals, — The  higher  Coneniaugh  seams  are  poorly  developed 
in  the  Castleuiau  basin  although  the  Franklin  coal  has  been  observed 
to  the  north  of  the  Pennsylvania  line.  The  Coneniaugh  formation 
has  been  extensivelv  eroded  over  much  of  the  Castleman  basin  so  that 
these  upper  seams  even  if  present  in  workable  thickness  would  have 
little  extent  and  little  economic  value. 

The  Uppei!  Youghiogheny  Basin. 

The  I'pper  Youghiogheny  basin  is  a  broad  shallow  syncline,  which 
undulates  s<miewhat  in  its  central  part.  The  Monongahela  coals,  and 
the  workable  Coneniaugh  coals  (excepting  one  area  of  the  Bakerstown 
coal)  are  entirely  absent  from  it.  The  Upper  Freeport  coal  is  work- 
able in  a  few  areas,  especially  along  the  Youghiogheny  river  below 
the  mouth  of  Miller  llwn.  It  is  largely  drift  coal.  The  Lower  Kit- 
tanning  coal  underlies  the  larger  j)art  of  the  basin  and  has  been  mined 
to  a  small  extent  along  the  outcrop.      It  is  almost  all  slope  and  shaft 

f'(K\\. 

THE    POTTSVILLE    COALS    OF    THE    TPPER    YOUGHIOGHENY    BASIN. 

Very  little  is  known  regarding  the  thin  coal  seams  of  the  Pottsville 
formation  in  the  L'j)per  Youghiogheny  basin  except  that  they  are 
known  to  be  thin  and  of  practically  no  economic  value,  as  very  little 
pros])ect  work  has  been  done  on  them.  The  beds  of  the  Pottsville 
formati(ni  outcrop  around  the  margin  of  the  synclinal  basin  but  at 
no  point  have  coals  of  any  significance  been  observed.  It  is,  more- 
over, ])roi)able  that  no  coals  even  of  local  value  will  be  discovered  in 
this  area  and  pros])ect  work  at  this  horizon  cannot  be  expected  to 
vield  returns  commensurate  with  the  outlav  of  time  and  nioiiev  in- 
volved. 

The  Sharon  coal  has  been  recognized  in  an  abandoned  drift  alxnit 
two  and  a  half  miles  north  of  Oakland  on  the  road  to  Swallow  Falls 
w^here  this  seam  was  once  worked  for  local  use.  The  working  is  not 
now  exposed  but  is  locally  reported  to  have  a  thickness  of  between 
8  and  4  feet  and  to  be  of  satisfactory  quality.     There  is  a  consider- 


Ki:r.iiiT  ON   TJiK  roAi.s  .n-  maby 


Sei-floiis  of  Frirmlsfille  Coal 
lir.  SitAiiK  Rr\.  OxE  Mine  West  oi 


J"ii-\  Wilky's   Mi.vk.  Om:  Milk  Easi 


Hexrv  BF,r/.Ki..  Plkasant  Vai.i.kv  Ru.\.  Two  Mh. 
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the  vicinity  of  Swallow  Falls  where  an  excellent  section  is  exposed  in 
the  railn)atl  euttinp  on  the  side  of  the  valley.  The  eoal  is  a  good  deal 
broken  by  shale  partings  and  it  is  not  jirohable  that  it  will  be  found 
to  have  any  coimnercial  value. 

XIIJC    AIJ-EGIIKNY    COAT-S    OF    THE    fPrKR    YnUGHIO(iHE>'Y    BASIN. 

The  Allegheny  coals  underlie  the  greater  part  of  the  basin  although 
the  u])pei'  beds  of  the  fonnation  have  been  more  or  less  dissected  by 
streams  while  the  cover  of  later  formations  is  less  cxti;nsive  than  in 
the  Castleman  basin  so  that  the  Allegheny  wials,  wher«^  pi'esent,  may 
be  in  part  reached  even  in  the  center  of  the  liaain  by  drifts  although 
the  lower  coals  must  mainly  l>e  mined  by  slopes  and  shafts.  These 
beds  also  outcrop  around  the  margins  of  the  syncdine  where  they 
have  l>een  oi>ened  to  some  extent.  The  Allegheny  coiils  are  the  moat 
important  coals  of  this  basin  and  along  its  western  margin  have 
already  l>een  mined  to  aorae  extent.  Further  development  work  will 
l>e  n<'ces3arv  before  the  full  extent  of  the  coals  can  be  finally  deter- 
mined. The  loweat  coals  are  poorly  developed  although  the  Clarion 
seam  baa  been  recognized  in  the  southwestern  part  of  the  basin. 

Section  of  Clarion  Coal. 

s  New  Tii'i'LE,  Two  Miles 


Clarion  coal. — The  Clarion  coal  occurs  at  an  interval  of  frcmt  12 
to  30  feet  above  the  bottom  of  the  Allegheny  fonuati»m.  It  has  only 
been  observed  at  one  point  in  the  siHithwestcrn  part  of  the  area  near 


480  UKIVIliT    <IX    TIIK    IIIAI-S    m-    J[AItVI.AXI> 

the  West  Virjiinia  line  wlit-re  it  (Inep  not  (Kx-iir  in  siifiicifiit  tlui'kiiLS:i 
to  Iijive  iiiiv  foiiimcpcial  value. 

Lower  {inul  MhUih)  KiUanning  coal. — This  soaiii  is  rlic  iiKi-^r 
persistent  ami  most  extensively  (levploi)ed  of  jinv  of  the  Ujumt  Y"»kIi- 
io^lionv  ))iisiit  iiixl  hits  iHf'ii  iiiim'il  :it  various  I'oiiiis  witliin  ihr  ilis- 

iSVr/(wHN  iif  Lower  KillaiDiiiiff  Coal. 

[•  Creek.  Two  Mile* 


Mhile 


trict,  csiKvinlly  in  the  southwestern  jxirt  of  ilie  rcpion.  This  sojini 
has  a  thickness  of  fi-om  4  to  6  feet,  although  it  is  a  gtw>d  deal  bmken 
by  purting:s  of  sliale.  Bone  eoal  is  also  moi-e  or  less  prevalent.  It 
is  jii-oliablc.  liiiwever,  that  at  some  points  this  seam  will  l>e  foniid  tu 
have  consiili'rahlc  (-(iinoinic  vahie.  It  has  Wen  eallcii  locally  the 
CoriiiTh  or  "  Fourfimt  "  vein.  It  is  probable,  as  in  more  eastern 
basins,  llial  ibis  seam  represents  both  the  Lower  and  Middle  Kittstn- 
inp  i-oals  of  IVtmsylvania.  At  some  points  the  eoal  bas  a  thiek  parr- 
inp  of  shale  near  the  middle  of  the  seam.  This  seam  occurs  at  an 
interval  of  between  1)0  and  150  feet  above  the  base  of  the  formation 
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and  friiiri  170  to  210  feet  below  tlie  top.  It  covers  a  far  greater 
area  tlian  any  of  the  later  coals  ami,  although  cut  by  the  Youghio- 
glieny  river  tliroiighout  the  lower  portion  of  the  district,  will  probably 
have  Ui  be  mined  mainly  by  slope  or  shaft 


480 


OK    MAI!YL 


the  West  Virginia  lino  where  it  iWs  luit  opciir  in 
to  have  aiij  commcTfial  value. 

Lower  {and  Miildli-)  KUItinuing  coal. — This 
persistent  and  nitist  p.\tonsi\ely  develoiwd  of  any  o) 
i(.frhcnv  ItiiFiin  and  has  Im'i'ii  niiiicl  at  varions  |iji 

^•■dioiix  »f  LoH-fr  KiUnniu-ng  Cot 
Thomas  SKin-ERs  Mink.  Tw.i  Mir-ts  above  Mihth  of  Df 


triol.  e!*iiccially  iti  ilii'  :;<nithwcstern  part  <it'  ilic 
has  a  thiekness  of  fiMin  4  to  6  feet,  although  it  is 
by  partings  uf  slialc.  Bmie  coal  is  also  mine  or 
is  proljaWc.  hnwcvrr,  iliai  at  soinft  jmints  this  sea 
havi'  considoralili-  ifuntiniic  value.  It  has  l)CCi: 
Corintli  or  "  Fonr-fiK.i  "  vein.  It  is  prulmhic, 
basiuH,  tliat  this  scmu  roprnsents  hotli  the  l^iwcr 
iiip  coals  <)f  l'<'iinsylvania.  At  ,«.,nnc  points  tlip  ci 
ing  of  shah'  lu'ar  ih.-  mi.ldle  <.f  the  seam,  Thi? 
interval  of  iK'twct-u  UD  and  l.'.O  fpt^t  above  the  l»a 
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482  b£fobt  os  thk  coai.a  of  mary: 

Mike  South  of  Oak  Siioai.s,  Tiibee  Mii.es  Nobth-Nob' 

Sb«U  roni  


I'in'"- 


JiAnyr.AND  (;KOLOf;ic.M,  sikvey 


Van  Werths  Mink  (Prkston  CorsTv.  W.  Va,),  Tiibee  Miles  Wknt  m  Crei.li 


Slialc  an'l  bone 
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Old  Opemno  o\   Arnolu'h   Rin,  Two  asu  One-kai.f  Miles   Soutiiwebt  o 


Gvthhie's  Mixk,  on  Puestos  R.  R.,  Tiibee  Miles  Sou 
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AsHBi'8  Mi.NE,  O.VK  Milk  SocTH-SovTinvEst  of  Cbkuji*. 


TJIi:    COALS    OF    31ABV 


Guthuie's  Mi.ve.  OS  Pkkston  R.  R.,  Tiimee  Mii.es  ! 


MAR\I..\.\1>    GEOl.imlCAI.    SlliVKV 

PHESTO.\    CllAI.   AXn   Ll  MUER   C 


Loircr  Fn-cporl  ron I. -  -This  seam  has  l)«.>ii  obscrvoil  at  a  iiniiiliev 
of  |xiiiits  in  the  iipi)er  jnirt  of  the  basin.  It  liaa  a  fhickiiess  <if  fulK- 
two  feet,  nlllidii^h  the  lied  is  somewhat  biukeii  h_v  sliale  luul  boiiy 

^lU-lioiis  of  Lower  Freeporl  Coal. 
OPEMSfi  ON  Chest  m-  Riikie,  Two  Mii.kh  Niuithwest  iw  Oaki.am>, 


4SS  KEI-OUT    0.\    TilK    COALS    OF    MAK'V 

Citlll'   Ol'EMN);,    ArNOI.Ii'h   RlX.   TllHEK    MiLllH    S<HT1 
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Upper  Freeport  ("  Sandrock  ")  coal. — Tliis  seam  commonly  con- 
tains from  3  to  4  feet  of  coal.  It  is  found  mainly  above  water  and 
can  be  reached-to  a  larpc  extent  by  drifts.  It  is  fonnd  from  IfiS  to 
210  feet  abi)ve  tlie  Lower  Kittanning  coal  and  caps  the  Allegheny 

l:fcctwiis  of  i'pi>er  Freeport  Coal. 
DANitL  Lcwin'  Mink,  O.vk  Mile  Nobtiieast  of  Swalcow  Falls. 


;,  Onk  Mile  above  Swallow  Falls. 


formation.     It  is  locally  known  iiiuler  the  nam* 
seam,  and  is  the  representative  i>f  flie  Upper  Fi 

F.  R.  Ni!:trrbn's  Mine.  West  w  Roman  Nose.  Fov 
NoRTir  OF  Oakland. 


DEVECMO.n'S    MI.NE,    .near    TeB.N    GLAhK.    Fen  K    Mil 


Coil  (with  atrnkt  ot 
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Bvlvania,     It  has  nlreadv   l)ecn  mined  to  some  extent  locally  and 
f nHjiicntly  shows  a  flcun  hrt'ast  of  3  or  more  feet. 


:    rPPER   YOI-.illlOGJIENV    BASLV. 


The  Cdiieniiiiigh  coals  have  very  little  devolopiuent  in  the  Upper 
Yonphiiifjheny  basin  as  the  beds  of  the  Coiiemaiigh  formation  have 
suffered  extensively  from  erosion  with  the  rcsnlt  that  all  except  the 
lower  horizons  are  entirely  lacking.     Only  a  siiigle  seam  has  been 


*U*  KKI'ORT    II.V    TliK    CO.VI.S    or    MAR^ 

found  to  lie  prumiiK'iitk  dcvcloiR-ti  antl  tlicliini 
ilrrs  it  <.f  nOativt'lv  slijrlit  fcHnmik-  iiii|«>rtiuic< 
tlip  IJakiTtowii.  alllioiifrli  jin-siiit  in  jmrr,  have 
anil  jiivc  no  iudicarimi  uf  furnish ing  ciml  of  cc 
Concnijiiijrli  dials  sin-  ci.iifini-.i  to  rcliitively  ki 
thronph  tlit-  ecntrni  ix.nii.n  of  iho  Kisin. 

McNeu-'s   Mink   ("  D>m.  .Mixt;").   Miu.t:B   Ris.  Tiim; 
NoMTii   Of  Oaklaxh. 


BakrrsloH-n  coal. — This  sciun  oovcrs  ..nlv  a  H 
the  Iliieknpss  and  cli  si  meter  of  die  souni  shows  i 
portanee  in  tin-  limited  an'n  of  its  oiiteroj)  wlii. 
is  coiii|iarativ(>ly  u  small  district  to  llic  I'ust  (.f  S\ 

TlIK     Low^;l!    V,,IOI[[n<JllK.NY     B 

The  Ijtwer  Yi.njrhicif;lifiiy  liasin  is  a  Im.ad,  s 
a  low  nntielino  Iniricd  in  iH  wi'stcni  jiorticin. 
the  liiisin  is  t.wani  thi.'  eiistcni  |iiiri  of  its  area, 
far  west  of  Fricndsvillc. 

It  wintnins  n<>  Mononiralicla  clilIs.  The  (.'onen 
nil  present,  m-e  not.  as  a  .irt-niTal  nde,  workable. 
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The  r]>i>or  Freejiort  cual  is  workable  by  drift  fmiii  the  valleys  of 
Buffalo  Run,  Laurel  Hun,  Deep  Creek,  ami  Mill  Itiiii.  The  larger 
part  of  tlie  area  of  tliia  seain  ia,  however,  shaft  coal,  wliicli  can  best 
be  reached  a  short  distanee  up  the  valley  west  of  Frieiidsville,  or  along 
the  railroad  anywhere  between  Selbysiiort  and  the  Pennsylvania  line. 

Spction  of  Bakrrsloini  Coal. 

ClIAVNCCY    F.    KiMUtL'S    MlNK.    ONE    Mll.B    EA»T    Of    SWAI.LOW    FALLS. 


It  can  probably  Ix'  readied  anywhere  within  a  depth  of  100  feet 
below  the  railroad.  The  quality  and  thickness  in  this  buried  iK)rtion 
have  never  i>een  tested. 

The  Lower  Kittanning  coal  is  aliaft  coal  in  the  greater  ]>art  of  the 
area  of  the  Imsiii.  There  are  small  areas  around  the  outcrop  which 
can  Ix-  mined  by  drift,  bnt  only  on  a  small  scale,  except  in  the  region 
southwest  of  Knig.  where  the  entire  area  can  U'  reached  by  drift 
from  the  valley  of  the  Youghiogheny.  Below  Frieiidsville  this  coal 
lies  Ht  a  de]>tli  not  exceeding  UOO  feet  lielow  the  railroad. 
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THE    POTTSVILLE    COALS    OF    THE    LOWER    YOUGHIOGIIENY    BASIN. 

The  Pottsville  coals,  as  in  the  other  basins,  have  no  economic  vahie. 
They  outcro])  around  the  eastern  and  southern  portions  of  the  tlistrict 
forming  the  rim  of  tliis  basin  which  has  its  northward  and  westwar<l 
extensions  in  Pennsylvania  and  West  Virginia.  The  Pottsville  coals 
are  thin  and  practically  no  attempts  have  been  made  to  j)ros]x<?t  them, 
so  that  satisfactory  sections  are  not  available.  It  is  not  probai)le 
that  they  will  be  found  to  ]x>ssess  even  local  value. 

The  Mount  Savage  or  U])per  !Mcrcer  coal  has  IxH^n  found  at  its 
proper  horizon,  but  the  seam  is  thin  and  unimportant  and  no  attempt 
has  l)een  made  to  develop  it.  Like  all  of  the  Pottsville  coals,  it  does 
not  jx)ssess  any  local  value. 

THE  ALLECiHENY  COALS  OF  THE  LOWER  YOr^iHUMiH  EN  Y. 

The  Allegheny  coals  occupy  the  larger  part  of  the  Ix)wer  Yoiigh- 
iogheny  basin  and  constitute  the  chief  coals  of  the  district,      ilost 
of  the  coals  will,  however,  require  slope  or  shaft  mining,  the  lower 
coals  being  deeply  buried  over  much  of  the  district.      Xunierous  local 
openings  have   been  made   in  the   Allegheny  seams   and   these  are 
generally  well  distributed  along  the  outcrop.     The  extent  and  char- 
acter of  the  coals  in  the  deei>er  portions  of  the  district  can  only  be 
determined  by  drill  hole^.      It  is  probable  that  valuable  local  seams 
may  be  discovered  where  these  coals  can  be  profitably  mined.      The 
lowest  seam  of  the  more  easterly  basins  have  not  been  pros])ectod  and 
very  little  is  known  regarding  them,  but  it  is  probable  that  they  are 
much  less  important  than  in  the  Georges  Creek  and  Potomac  basins. 

"  Split-six  "  coal. — The  coal  seam  corresponding  in  position  with 
the  **  Split-six  ■'  coal  of  the  lower  Georges  Creek  basin  is  found  alnuit 
25  feet  below  the  Lower  Kittanning  coal  of  White  Rock  Run  toward 
the  southern  end  of  the  basin.  The  seam  at  this  point  has  a  thi<?kness 
of  about  3  feet,  although  the  coal  is  somewhat  broken  by  shale  part- 
ings. The  extent  of  this  coal  is  not  known,  although  it  is  probablv 
not  an  important  seam. 
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Section  of  "  Splil-Mx"  Coal. 
«  Write  Rikk  Rus,  Tubee  Miles  Soctuwest  of  Kbvo. 


Lower  (and  Middle)  Kiitanniiig  ("White  Rock"  or  "Four- 
foot  ")  coal. — This  seiiiii  is  t)ie  most  widplv  extended  and  most  im- 
portant coal  in  the  I^wer  Y<iiighioghen_y  basin.  This  coal  has  a 
thickness  of  from  4  to  6  feet,  altliongh  the  greater  thicknesB  is  con- 
siderably broken  In'  shale  and  Iwne  conl.  This  seam  occnra  between 
90  and  150  feet  above  the  base  of  the  fonnation  and  from  170  to  210 
feet  below  the  top.  It  has  been  called  the  "  White  Rook  "  or  "  Four- 
foot  "  seam  in  the  T-ower  Yonj-hioghcny  basin. 

Sections  of  Lover  Kittanning  Coal. 
Wm.  Steele's  Mise  ("  Ckazv  Veln  ").  One  half  Mile  East  of  Fbiemmvili^. 


im 


REPORT    OS    THE    COALS    OF    MAKl 


Browsinu  and  CrsTEH  Mine.  0\k  asu  One-hai.k  I 


MARYLAND    GEOLOfilC. 


OarAB  Friend's  Mink,  One  axk  One-half  Mii.es  Sui'thkast  ok  FKiENnsviLLE. 


UKPOKT    ON    TIIK    COAI.S    OF    MAEY! 


WHITK    RWK    Ml-VK.    T«l>   AM>   Om 


MARYt-A.VD    UKOI.IXilCAI.    SIRVEV 
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Oi-BNING  ON  SovTit  Bank  Laibrl  Run.  One-half  Mile  Soutie  of  Kbiq. 
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White  Rock  Mi.ve,  Two  and  One-hai.f  Miles  NosTiiu-Et 


Lower  Fmeport  roal. — Tliift  seam  has  \<eei\  rciN>giiizcd  in  the 
■rthwcstcrn  jwrtion  <if  the  aren,  wliere  it  lias  a  thickncas  of  somc- 
int  over  2  feet  of  nearly  pure  coal.  This  seam,  however,  generally 
ssesses  little  imiwrtaiice  in  Maryland  ami  will  hardly  be  found  to 
98PS8  more  tlian  local  value.  It  occtira  from  100  to  145  feet  above 
3  top  of  the  Lower  Kittanning  coal  ami  is  commonly  found  from 
to  65  feet  below  the  top  of  the  Allegheny  formation. 
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Sectioii!<  of  Lower  Frec/iorl  Coal. 
Ciinis.  Fike's  Mine.  Osk  asu  Tiibee-kiubths  Milem  Nokth  of  Feaefi. 


r  Fbaj'.ke's  Mi\e.  Om 


Upiirr  Fivporf  ("  Sainlrock  "  or  "  Fovr-foot  ")  conl.- — -This  seaii 
s  fnuii<l  iU  llio  \«]}  lit  tlio  Allegheny  formation,  or  at  an  intcrviil  of  H 
(>  C>(t  feet  jiIhivo  the  Lnwor  FnMiport  and  from  165  to  '210  tW't  «l»ov. 
lie  Lower  Kitlxiijiiiii^  eonl.     It  is  locally  known  nnder  ihc  miiite  n 
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the  "  Sandrock  "  or  "  Four-foot  "  seam  in  the  I>ower  Yoiighioglieiiy 
basin.  This  coal  is  very  persistent  and  covers  a  considerable  pi^rtion 
of  the  Ivower  Yonghiogheny  basin.  Over  nincli  of  the  urea  it  lies 
below  water  and  its  quality  and  thickness  are  unknown.  In  the 
valleys  of  several  of  the  creeks  it  can  be  reached  by  drift,  capeeially 
in  the  valleys  of  Buckler  Run,  Laurel  Run.  Dei^p  ('reck,  and  Mill 
Run.  This  seam  could  probably  be  mined  successfnlly  by  shaft  a 
short  distance  up  to  the  valley  west  of  Friendaville  along  the  raili-oad 
an■^^vhere  between  Selbysport  and  the  Pennsylvania  line.  It  can 
probably  be  reached  within  a  depth  of  100  feet  below  the  railroad. 

Sections  of  Upper  Freepurt  Coal. 
Frazec's  Low£r  Seam,  One  HrNDBED  Yarhs  NimTiiwesT  iw  Nii.es  Mill. 


HiKAU  Fbazke's  Mink  iietween  Nu^s  Mill  ami  .Mi> 

Uard  ihile  inol  
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Wm.  Uudel's  Mine,  Oxe  anh  One-iialf  Hilex  Northwest  of  Asheb  Gladc 


THE  CONESrAldll  t'OAT.S  ()F  THE  LOWER  YOrGHIOCITEKY   BASi:^. 

The  Coiidimiigli  coals  linve  very  little  importance  in  this  region, 
most  of  tlio  seiuiia  Iwiiig  thin  and  unworkable  even  locally.      They 
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cover  a  much  amaller  area  than  the  Allegheny  coals,  being  confined 
largely  to  the  central  portion  of  the  bdsin  mainly  on  the  western  bank 
of  the  Yoiighiogheny  river  covering  the  iiigh  lands  between  the  larger 
tributaries.  The  Conemaugh  coals  can  mainly  be  reached  by  drift 
where  they  occur  locally  of  enffieient  thickness  to  warrant  their 
extraction. 

I    O.^E-FOLBTK 


C.  Friend's  Mine,  Trbeg  Miles  Southwest  of  Priendsvil 


Mahoning  coal. — This  seam  occurs  from  15  to  20  feeet  above  the 
Upper  Freeport  coal  and  is  regarded  as  the  representative  of  the 
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AlHltoniiig  coal  of  other  areas.  It  is  from  1  to  i  feet  in  thickneBS 
hilt  is  more  or  lesa  broken  by  sbale  partings  and  bony  coal.  It  Hoes 
nor  jvisseafi  nmre  than  local  value  so  far  as  ob8erve<l, 

Seclions  of  Mahoning  Coal. 
Fkazice'b  UfPEB  Seasi,  Nileb  Mill,, 

BuidnoDe  Z  It. 

Sbilc  10  in. 


finE-CLAT  Vein  of  H.  M.  Frazee,  Nii.es  Mill. 


r  HisAM  FsAzix  AT  Selbvbpoht. 


,,.«., 
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COBERT'S    Ml\E,    0\E   MiLt    SdUTII   OF    FBIEMISVILLE. 


Brush  Crt-ek  eoa/.— This  seam  occurs  at  an  interval  of  iiboiit  05 
feet  above  the  Mahoning  and  from  85  to  125  feet  above  the  Upper 
Freeport  coal.  It  is  a  persistent  coal  but  is  generally  less  than  2 
feet  in  thickness.  It  has  been  prospected  very  little  in  the  Lower 
Youghioglieny  basin  and  does  not  promise  more  than  local  value. 

Sections  of  Brush  Creek  Coal. 
Mine  Two-tmibiis  Milf.  Nobth  ov  Selbvsi'uut. 


Mine  Nobth  ok  Fsiendsville,  West  Bavk  ok  Riveb. 
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Bakerstow7i  coal. — This  seam  occurs  at  an  interval  of  from  90  to 
135  feet  above  the  Brush  Creek  coal  and  has  been  recognized  in  the 
region  to  the  west  of  Friendsville,  where  it  has  a  thickness  of  some- 
wliat  over  2  feet.     It  is  very  much  less  important  than  in  the  eastern 

Section  of  Bakerstown  Coal. 
Capt.  Frie:!D'8  Mine,  0.-!e  Mile  West  or  Fbierdbville. 


basins  and  probably  does  not  occttr  of  sufficient  thickness  to  possess 
much,  if  any,  commercial  value.  Its  area  of  outcrop  is  much  smaller 
than  that  of  tlie  lower  seams  and  is  confined  to  the  higher  areas  on 
tlie  western  side  of  the  Youghiogheny  river. 

Friendsville  {Crinotdal)  coal. — This  seam  is  found  about  100  feel 
above  the  Bakerstown  coal.  It  covers  a  very  small  area  in  the  Lower 
Youghiogheny  basin,  being  found  only  in  the  hi^er  lands  in  the 
central  portion  of  the  syncline  to  the  west  of  Friendsville,  where  it 
has  a  thickness  of  about  18  inches.  This  coal  is  the  same  as  the 
Crinoidal  coal  of  Pennsylvania,  but  it  has  been  given  the  name 
Friends\'ille  in  order  that  the  term  employed  may  conform  with  those 
of  the  other  coal  seams  in  having  a  geographical  name.  This  seam 
does  not  possess  anything  more  than  local  value. 
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Sections  of  Friendaville  Coal. 

lAVID  HEBBINO'S  Mt.NE,   O.VE  AND  OKE-HALT   MILES   SOUTHWEST  Of   FBIENDSVIL 


Franklin  {Little  Clarksburg)  coal. — This  scam  oiviirs  about  150 
eet  below  the  top  of  tlie  Coneinaiisli  formation  and  lias  been  found 
t  only  a  single  locality  on  tlic  west  bank  of  the  Toiigbiopheny  river 
lot  far  from  the  Pennsylvania  line.  This  coal  is  inncli  broken  by 
hale  layers  and  does  not  possess  any  real  economic  value. 

Section  of  Franklin  Coal. 
LucEN  Fkazee's  Mlne,  One  Mir*  Northwest  or  Gise. 


ShiU 


Little  Pitfsburtj  coal. — This  coal  is  found  near  the  top  of  the  hills 
short  distance  northwest  of  Friendaville,  where  it  has  been  locally 
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miiio<l  to  some  extent,  although  the  coal  is  of  only  fjiir  ([iialitv.  being 
more  or  less  bony  and  containinp  partings  of  shale.  Its  position  is 
from  50  to  90  feet  below  the  Pittsburg  seam,  wliicli  is  lacking  in 
this  region.  The  very  small  area  of  outcrop  of  this  enal  does  nnt 
give  it  any  permanent  economic  value. 

Sections  of  Little  Pittsburg  Coal. 
Harrt  Rumbaugh's  New  Mihe.  One  Mile  Nobthwebt  or  FsiENDSvn.LE. 


Ltmp^onc  floor 


Habbt  Rumbaugh's  Olii  Hike,  Oxe  Milb  Nobtiiwe8T  of  PKiBxitsviLLC 
(Not  much  cover,  now  worked  out.) 


HISTORY  OF  THE  MARYLAND  COAL  REGION 

BY 

B.  S.  RANDOLPH 

During  the  long  contest  between  the  English  and  the  French  for 
the  possession  of  the  Ohio  Valley,  the  Maryland  Coal  Region  was 
included  in  the  debatable  ground  between  the  English  outpost  at 
Wills  Creek,  now  Cumberland,  and  the  French  post  at  Fort  Du- 
quesne,  now  Pittsburg.  The  danger  of  sudden  attack  by  Indians 
or  French  rendered  the  country  unattractive  to  settlers.  Even  after 
the  treaty  of  Paris  in  1763  had  confirmed  the  English  title  to  the 
area,  the  Indians  continued  active  until  after  the  revolution  when 
the  new  government  was  able  to  give  attention  to  its  western  fron- 
tier and  to  protect  the  settlers. 

Few  land  titles  antedate  the  revolution  and  the  larger  number  are 
what  are  known  as  "  Soldier  Lots."  These  are  tracts  of  fifty  acres 
each,  granted  by  Congress  to  men  who  served  during  the  revolution. 
They,  as  well  as  those  obtained  under  the  regular  State  patents,  were 
selected  by  the  grantees  and  the  lines  were  established  largely  in  ac- 
cordance with  their  wishes.  This  system  has  resulted  in  a  chaotic 
mass  of  oddly  shaped  tracts,  the  lines  of  which  it  has  required  a  great 
deal  of  elaborate  litigation  to  establish  on  anything  like  a  permanent 
basis. 

There  appears  to  be  no  certain  knowledge  of  when  the  coal  was 
first  discovered,  but  with  the  extended  outcrop  of  so  large  a  seam  as 
the  Pittsburg  or  "  Big  Vein,"  occurring  so  frequently  as  it  does  on 
steep  hillsides,  it  is  more  than  probable  that  attention  was  attracted  to 
it  as  soon  as  the  land  was  cleared.  Tradition  points  to  a  locality 
about  a  mile  north  of  Frostburg  in  the  valley  of  Jennings  Run,  as  the 
situation  of  the  first  mine  which  was  worked. 
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A  recently  published  journal  of  a  journey  on  horseback,  made  in 
1810,  during  which  the  traveler  passed  over  the  old  Colonial  road 
just  south  of  Frostburg,  and  stayed  over  night  at  what  is  now  known 
as  tlie  "  Mussellman  Farm,"  owned  by  the  Consolidation  Coal  Com- 
pany, makes  no  mention  of  the  coal,  although  the  writer  was  evidently 
a  close  observer  and  his  notes  on  other  matters  along  his  route  are 
uncommonly  full.  It  is  therefore  to  be  inferred  that  the  business 
was  not,  as  yet,  sufficiently  developed  to  attract  the  attention  of  the 
casual  traveler.* 

By  1820  the  trade  had  assumed  commercial  importance.  About 
this  time  openings  were  made  in  the  Pittsburg  seam  at  Eckhart, 
Pompey  Smash,  now  Vale  Summit,  and  Frostburg  and  the  output 
transported  on  wagons  to  Cumberland  where  it  was  loaded  on  boats 
for  various  points  on  the  Potomac  River. 

The  standard  boat  used  for  this  purpose  was  of  the  "  flat-boat " 
type,  rectangular  in  plan  with  raking  ends.  The  usual  dimensions 
were,  length  eighty  feet,  width  thirteen  feet,  depth  three  feet  Each 
boat  carried  1500  to  1800  bushels  of  coal  wuth  a  draft  of  two  feet  six 
to  two  feet  eight  inches.  It  was  manned  by  four  men,  two  operated 
oars  extending,  one  from  each  side ;  one,  known  as  the  "  headsman," 
operated  an  oar  extending  from  the  bow  and  the  fourth,  known  as 
the  "  steersman  "  and  Captain,  operated  an  oar  extending  from  the 
stern  of  the  boat  and  directed  the  work  of  the  crew.  The  boats  were 
built  along  Wills  Creek,  the  construction  being  more  or  less  con- 
tinuous throughout  the  year.  The  magnificent  white  pine  forests 
which  at  that  time  existed  west  of  Cumberland  furnished  an  ample 
supply  of  boat  material. 

The  coal  was  unloaded  from  the  wagons  and  stored  in  large  piles 
along  the  river  bank  awaiting  a  rise  in  the  water  on  which  it  would 
be  possible  to  run  the  boats  with  safety. 

When  the  weather  conditions  promised  a  "  boating  stage  "  the  work 
of  loading  the  boats  was  pushed  as  rapidly  as  possible,  in  order  to 
send  off  all  available  boats  while  the  water  was  high  enough  to  admit 

'  See  also  p.  223. 
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navigation.     The  loading  gang  consisted  of  four  men,  two  shovellers, 
one  wheelbarrow  man  and  one  trimmer  on  the  boat. 

Twenty  boats  have  been  known  to  depart  in  one  fleet  and  as  many 
as  forty  in  one  day.  Such  a  departure  was  an  event  in  the  life  of 
the  town  and  usually  brought  to  the  river  bank  crowds  of  sightseers. 
There  was  usually  a  prolonged  boating  stage  from  March  until  May 
and  frequently  a  short  period,  known  as  the  "  strawberry  "  freshet 
in  June.  Occasionally  coal  could  be  taken  down  in  the  fall  of  the 
year. 

The  boats  were  frail  affairs  and  to  touch  a  rock  usually  meant  the 
loss  of  the  boat  and  occasionally  the  dro\\Tiing  of  one  or  more  of  the 
crew.  They  w-ere  sold  at  destination  for  what  they  \vould  bring  and 
the  crew  returned  on  foot. 

There  was  another  boat  used  for  general  merchandise,  which  was 

a  more  substantial  affair,  sharp  at  both  ends.     These  carried  grain 

and  flour  down  the  river  and  brought  back  salt  and  general  supplies. 

They  were  manned  by  crews  of  eight  or  ten  men  and  propelled  by 

poles,  the  poles  being  set  against  the  bottom  of  the  river  and  the 

operator  walking  along  the  wide  gunw^ale  towards  the  stem  of  the 

boat.     Coal  was  not  carried  on  these  boats.     At  the  falls  above 

Georgetown  these  boats  passed  through  locks  on  the  Virginia  side  of 

the  river  and  at  Harpers  Ferry  there  were  rings  fixed  in  the  rocks  at 

suitable  points  to  each  of  which  a  line  was  carried  in  turn  and  the 

boat  warped  up  the  stream  by  the  crew  hauling  on  the  line. 

A  few  years  before  the  close  of  these  boating  operations  it  was 
found  profitable  to  build  another  class  of  boat  for  the  coal  trade 
Tcnown  as  the  "sprung  rib "  boat.  These  were  constructed  by  a 
sheathing  on  frames  of  hewed  timbers  bent  after  steaming.  They 
had  round  bottoms,  sharp  prows,  and  square  stems  and  were  sold  at 
tidewater  to  parties  engaged  in  the  transportation  of  wood  from  the 
tidal  portions  of  the  Potomac  River  to  Washington  and  other  cities. 

The  boating  w-as  participated  in  very  generally  by  all  classes. 
Farmers  and  men  from  other  occupations  were  in  the  habit  of  build- 
ing a  boat  or  two  during  the  winter,  loading  it  and  running  it 
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through  with  the  spring  high  water  as  a  means  of  obtaining  ready 
cash. 

Market  prices  for  coal  ranged  from  seven  to  eight  cents  per  biishel 
at  Cumberland,  twenty-eight  to  thirty-three  cents  at  WilliamsjK)rt. 
thirty-five  to  forty-five  at  Harpers  Ferry,  and  fifty  to  sixty  at  George- 
touTi.  Wages  of  boatmen  varied  from  $10  to  $12  per  trip  and  $!'» 
to  Georgetown  on  the  "  push  boats  "  which  were  brought  back. 

This  method  of  transportation  gradually  disappeared  in  the  face 
of  railroad  competition  and  ceased  entirely  on  the  completion  of  the 
canal  to  Cumberland. 

The  Baltimore  and  Ohio  Railroad  was  completed  to  Cumberland 
in  1 842  and  for  some  time  coal  was  brought  to  Dam  No.  6,  to  which 
point  the  canal  had  been  completed,  and  there  loaded  on  canal  boat« 
for  shipment  to  tide-water. 

The  Mt.  Savage  and  Cumberland  Railroad  was  built  in  1844  from 
Cumberland  to  Mt.  Savage  by  the  Maryland  and  New  York  Mining 
Company  and  the  line  from  Cumberland  to  Eckhart,  now  kno\vB  as 
the  Eckhart  Branch  of  the  Cumberland  and  Pennsylvania  Raiboad, 
was  built  a  few  years  later  by  the  Maryland  Mining  Company. 

This  INfaryland  Mining  Company,  chartered  in  1828,  was  the  first 
chartered  company  in  the  region.     It  operated  what  is  now  kno\vn 
as  the  Eckhart  Mine  and,  until  the  completion  of  its  railroad,  sent  its 
product  to  Cumberland  by  wagon.     Upon  the  completion  of  the  rai\- 
road  to  Mt.  Savage,  tramways  were  built  from  the  mines  north  c.^^ 
Frostburg  to  Mt.  Savage  and  the  coal  was  then  transported  in  miT^^ 
cars  and  loaded  on  the  railroad  cars  at  the  latter  point. 

About  this  time  an  interesting  experiment  was  made  by  tlie  0^=:===^^' 
struction  of  a  flume  or  sluiceway  from  Vale  Summit  to  Clarysv^e^^^ 
on  the  Maryland  Mining  Company's  Railroad  for  the  transportat     -^^^^ 
of  coal  by  a  stream  of  water. 

Owing  to  its  fragile  nature  the  coal  was  so  much  damaged  by  T^     ^" 
operation  that  the  scheme  was  promptly  abandoned. 

A  tramway  was  built  from  Clarysville  to  Ix>naconing  by  wa;^"  7  ^ 
Vale  Summit  which  appears  to  have  been  used  exclusively  for      -  ^^^ 
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transportation  of  pig  iron  from  the  furnace  of  the  Georges  Creek 
Coal  and  Iron  Company  at  the  latter  point. 

In  18.*)0  the  Frostburg  Coal  Company  had  extensive  coking  yards 
at  IMt.  Savage  and  the  practice  of  coking  the  coal  .was  extensively 
followed  by  this  and  other  companies  in  the  r^ion.  This  coke  was 
used  by  tlie  local  furnaces,  at  that  time  in  operation,  and  was  also 
shipped  east  for  locomotive  use.  Mr.  Robert  G.  Rankin  in  1855 
states  that  "  The  opinion  seems  to  prevail  among  northern  railway 
operators,  that  this  (Georges  Creek)  coal  is  only  fitted  for  northern 
engines  when  it  is  coked;  but  when  prejudice  gives  way  to  fair  in- 
vestigation and  experiment,  it  is  confidently  believed  that  the  crude 
Cumberland  coal  will  be  found  to  contain  more  combustible  matter, 
pound  for  pound,  than  the  coke." 

The  companies  in  business  and  shipping  by  rail  in  1850  were  the 
Frostburg  Mining  Companies  and  the  Alleghany  Mining  Company, 
loading  at  Mt.  Savage ;  and  the  Maryland  Mining  Company  and  the 
Washington  Coal  Company,  loading  at  Eckhart  on  the  Maryland 
Mining  Company's  Railroad. 

The  freight  rate  to  Cuml>erland  of  three  cents  per  ton-mile  re- 
mained unchanged  from  the  opening  of  the  roads,  while  the  rate  from 
Cumberland  to  Baltimore  suffered  several  heavy  reductions  from 
$3.G6  in  1845-6  and  $2.64  in  1846-7  to  $2.46  in  1849.  Upon  the 
completion  of  the  canal  to  Cumberland  this  rate  was  further  reduced 
to  $1.75  to  be  advanced  in  a  few  years  to  $2.25. 

The  permanence  of  the  rate  west  of  Cumberland  as  was  to  be 
expected  aroused  no  small  amount  of  feeling  among  the  shippers  and 
numerous  efforts  Avere  made  to  obtain  a  reduction,  the  movement  even 
going  so  far  as  a  petition  to  the  Legislature  for  statutory  relief. 
Additional  evidence  of  this  friction  exists  in  the  passage  of  a  bill 
in  1849  providing  for  an  equitable  distribution  of  cars  to  all  shippers. 

Mining  rate  was  twenty-eight  cents  in  the  Pittsburg  seam  and 
fifty-five  cents  in  the  smaller  seams,  a  difference  well-calculated  to 
keep  the  latter  out  of  the  market. 


it 
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The  Pirti-burg  -^am,  kno\\-n  generally  as  the  "  Big  Vein,"  was 
being  rapidly  U.nght  up.  in  ««>me  cases  largely  as  a  speculation. 
Much  of  it  wa^  obtained  as  low  as  ten  dollars  per  acre. 

In  1S52  ovmership  was  distributed  about  as  follows: 

Cumberland  Coal  ft  Iron  Co.  (saccessor  to  Manrland  Mining  Co.) .  6000  acres. 

G«orgei  Creek  Coal  and  Iron  Co 3000    " 

Smaller  Companies  about  Frostborg 2500 

Baltimore  capitalists  2000 

Original  owners    4500    " 

18,000  acres. 

Upon  the  completion  of  the  Baltimore  and  Ohio  Railroad  to  Pied- 
mont, W.  Va.,  in  1S53  the  Georges  Creek  Coal  and  Iron  Company 
built  a  railroad  up  the  valley  of  Georges  Creek  to  Lonaconing  and 
abandoned  its  tramway  to  Clarysville.  Its  operations  had  previously 
been  confined  to  the  mantifacture  of  iron,  but  it  now  became  a  shipper 
of  coal  also. 

The  Mt  Savage  and  Cumberland  Railroad  was  extended  to  Frost- 
burg  in  1852  and  at  that  time  recognized  as  its  shippers  the  Frostburg 
Mining  Company,  Borden  Mining  Company,  Withers  Mining  Com- 
pany, Parker  Vein  Coal  Company  and  the  Chesapeake  Coal  Com- 
pany. In  1857  it  was  extended  to  Lonaconing  and  in  1864  the 
Ge^irges  Creek  Coal  and  Iron  Company's  road  from  Lonaconing  to 
Piedmont  was  purchased  and  consolidated  imder  the  charter  of  the 
Cumberland  and  Pennsylvania  Railroad. 

Little  eflFort  api)ear8  to  have  been  made  up  to  this  time  looking  to 
consolidations  among  the  various  operators,  with  the  exception  of  the 
Cumberland  Coal  and  Iron  Company  and  the  Georges  Creek  Coal  and 
Iron  Company  the  various  properties  embraced  tracts  of  a  few  hun- 
dred acres  only. 

In  1860  an  act  was  passed  incorporating  the  Consolidation  Coal 
Company  of  Maryland  and  in  1864  the  Company  was  organized, 
embracing  the  properties  of  the  "  Ocean  Steam  Coal  Company," 
*'  Frostburg  Mining  Company,"  and  "  Mt.  Savage  Iron  Company," 
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which  latter  owned  the  Cumberland  and  Pennsylvania  Railroad  Com- 
pany. These  properties  included  a  total  of  nine  thousand  acres  of 
surface  about  four  thousand  acres  of  which  was  underlain  by  the 
Pittsburg  seam.  This  movement  towards  consolidation  is  generally 
credited  to  Mr.  William  II.  Aspinwall  of  New  York,  who,  with  his 
associates,  had  recently  purchased  a  tract  extending  across  the  basin 
in  the  neighborhood  of  Squirrel  Neck  and  Wrights  Run,  and  had 
organized  the  Ocean  Steam  Coal  Company. 

A  further  move  toward  consolidation  was  made  in  1869  when  the 
following  circular  was  issued,  which,  incidentally,  draws  an  interest- 
ing picture  of  the  coal  trade  conditions. 

TO  THE  STOCKHOLDERS  OF  THE  COMPANIES  MINING  CUMBERLAND 
COAL  IN  ALLEGANY  CO.,  MARYLAND. 

An  Exfebience  of  Twenty-five  Yeabs  has  Convinced  Many  of  the  Most 
Pbactical  and  Sagacious  Persons,  whose  Interests  have  been  Identified 
WITH  THE  Development  of  the  Cxjmbebland  Coal  Mines,  that  those  Inter- 
ests CAN  ONLY  be  MADE  REASONABLY  ReMUNEBATIVE  BY  A  COMPLETE  ChANOE  IN 

the  System  of  Management.    The  Total  Pboduct  of  1708  Tons  in  1842  has 

BEEN   INCBEASED,  BY  THE  LEGITIMATE  DEMANDS  OF  TbADE,  TO  1,330,443   TONS  IN 

1868,  WITH  A  Pbospect  of  1,500,000  Tons  in  1869,  and  yet,  of  the  Immense 
Capital  which  has  been  Invested  in  Allegany  County,  in  Coal  Pbopebty, 
how  Large  a  Pboportion  has  been  Swept  Away,  and  of  that  now  Repre- 
senting THE  Mining  Interests  how  Insignificant  is  the  Proportion  which, 
EVEN  Occasionally,  Makes  any  Return  to  the  Proprietors.    Three  Reasons 

MAY  BE  GIVEN  TO  EXPLAIN  THESE  UNSATISFACTORY  RESULTS.      Firstf  REMOTENESS 

FROM  OUR  Principal  Markets,  with  Insufficiency  and  High  Cost  of  Trans- 
POBTATiON  Thebeto;  Sccondy  Heavy  Expenses  of  Multiplied  Administration, 
and  Third,  Ruinous  and.  Under  Existing  Circumstances,  Uncontrolable 
Competition. 

The  First  of  these  Obstacles  would  Inevitably  Subside,  if  not  Disap- 
peab,  undeb  a  Systematic  and  Unified  Appobtionment  of  Peoduction  to 
Demand;  the  Second  and  Third  would  Obviously  Vanish  by  the  Substitu- 
tion OF  A  Single  Management,  in  the  Common  Intebest,  fob  the  Twenty-one 
Sep  abate  Organizations  which,  with  their  Complicated  and  Expensive 
Machinery,  now  Absobb  the  Modicum  of  Pbofit  which  is  Left  to  the 
OwNEBS  of  the  Mines. 

Five  of  the  Largest  Companies  having,  with  Others,  Tried  for  Years, 
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BUT  IN   Vain,  to  Remedy  the  Evils  Above  Aovebted  to,  bt  HiivoyT  or 
Action,  have  at  Length  Detebkhted  to  Find,  if  Peacticaslz;,  a  Sccrn<«5  or 

THE   PbOBLEM   by   UNITING  THEIR   PROPERTIES  UNDER  ONE   0»GAJriZATl.>!f.   PERMA- 
NENT AND  Homogeneous.     A  Suitable  Agent  has  bezn  Selected  to  Intistp 
OATE  THE  Relative  Areas   and  Values  of  their   Respectite  Coal  LANits. 
Preliminary,  it  is  Hoped,  to  the  Adoption  of  an  E^iuitable  Basis  <*  Incor- 
i»ORATiON.     These  Five  Companies  are  now  Moving  in  Peefett  Acii'E*  Towah* 
that  Object,  and  have  Established  a  Joint  Committee  on  Con90liiiatiu5. 
Within  a  Month  it  is  Hoped  that  they  will  be  Prepared  to  Pkhted  to 
THE  Consideration  of  such  a  Basis.     To  this  End  it  is  Earnxstlt  Desired 
THAT  AS  Many  Companies  now  Operatino  in  the  Cumberland  Coal  Region 
OF  Allegany  County  should  Unite  in  having  their  Lands  Scrveted  xyo 
Appraised;   oi,  if  not  that,  that  they  will,  at  Least,  Appoint  a  Represen- 
tative, OR  more  than  One  and  not  more  than  Three,  to  Meet  with  the 
Joint  Committee,  and  Discuss  with  them  the  Bearings  of  this  Scheme  o5 
their  various  Interests.     Stockholders  are  Earnestly  Requesti3>  to  Press 
THIS  Important  Subject  upon  the  Consideration  of  their  Directors. 

Communications  may  be  Addressed  to  Either  of  the  Officers  of  the 
Joint  Committee,  whose  Names  are  Affixed,  Representing  the  Amolican, 
Borden,  Consolidation,  Cumberland  Coal  ft  Iron,  and  Hampshire  ft  Baltp 
MORE  Companies. 

Allan  Campbell  (Prest.  C.  C.  ft  I.  Co.), 

Chairman  Joint  Committee.  90  Broadwij. 

James  S.  Mackie  (Vice-Prest.  Consol.  Coal  Co.». 

Secretary  Joint  Committee,  71  Broadway. 
New  York,  May  31,  1869. 

The  "  suitable  agent "  selected  "  to  investigate  the  areas  and 
values  '^  was  Mr.  J.  T.  Hodge,  a  Mining  Geologist  of  standing  and 
experience.  He,  with  several  assistants,  spent  six  months  in  the 
work  submitting  his  report  under  date  of  November  18,  lSt59.  He 
appears  to  have  made  a  very  complete  study  and,  with  the  exception 
of  one  or  two  of  the  properties  not  in  sympathy  with  the  movement, 
the  report  contains  very  full  information.  The  tabulated  summary 
shows  following  facts : 
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TABLE  OF  PROPERTIES 

C!0XTAIT7IN0  THE  GbEAT  Ck)AL  BeD  OF  THE  CUMBERLAND  BaSIN. 


Name 


Acres  of 
coal 


Acres 
exhausted 


Withers  Mining  Co 

New  York  Mining  Co 650? 

Alleghany  Mining  Co 391 

Borden  Mining  Co 762 

Cumberland  Coal  ft  Iron  Co 4900 

Consolidation  Coal  Co 3323 

Wright  Farm  484 

Blaen  Avon  Coal  Co 57 

Johnson  [now  Shaw]   72 

Midlothian  Coal  ft  Iron  Co 60 

Koontz   500? 

Hampshire  ft  Balto.  Coal  Co 303 

Georges  Creek  C.  ft  I.  Co 1550? 

Maryland,  or  Savage  Mt.  Coal  Co 500? 

National  Coal  Co 85 

Central  Coal  M.  ft  M.  Co 793 

Atlantic  ft  Georges  Creek  Coal  Co 54  . 

American  Coal  Co 1119 

Davis  ft  Rieman  144 

Piedmont  Coal  ft  Iron  Co 140? 

Barton  Coal  Co 180 

Potomac  Coal  Co 94 

Swanton  Mining  Co 140? 


Georges  Creek  Mining  Co 

Franklin  Coal  Co 

S.  P.  Smith  [Hoy  tracts] 

Humbertson  Tract 

Jacobs  Tract    

Hixenbaugh  Tract    

Percy  Tract  [Boston  owners  | 
Kite  Tract    


200? 
300? 
203 
49 


100 
227 
600 
275 


13 

•  ■  • 

143 

200 
5 
7 

235 
30 

274 

•  •  • 

70 
38 
58 
68 
35 
122 
25 


Acres 
remaining 


650? 
291 
535 
4300 
3048 
484 

.57 
.57 

47 

500? 
160 
1350 
495 

78 
558 

24 
845 
144 

70? 
142 

36 

72? 
165? 
178? 
178 

49 

24? 
100? 

SO? 

25? 

14,797 


Tons  ship'd 
to  date 

27.792 

4,100 

614,843 

1,388,463 

3,130,282 

1,489,609 


1,170,483 

1,144,260 
28,250 
41,989 

1,289.473 
163,858 

1,508.065 

397,967 
211.498 
322.579 
371,664 
194.094 
672.248 


The  report  was  very  unsatisfactory  to  a  number  of  the  partie^s  in- 
terested and  appears  to  have  put  an  end  to  the  "  perfect  accord  "  with 
which  the  signatory  companies  were  moving  at  the  date  of  the  cir- 
cular. The  scheme  failed  utterly  with  the  exception  of  the  acquisi- 
tion of  the  property  of  the  Cumberland  Coal  and  Iron  Company  by 
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the  Consolidation  Coal  Company  which  took  place  in  March,  IS 70, 
and  included  the  railroad  from  Cumberland  to  Eckhart. 

This  brought  to  the  Consolidation  Coal  Company  more  than  half 
the  coal  lands  of  the  region  and  all  of  the  railroad  facilities.  The 
property  of  the  Alleghany  Coal  Company  was  acquired  in  1872  and 
the  coal  under  the  Wright  Farm  a  few  years  later,  practically  com- 
pleting the  holdings  of  this  company  as  they  now  exist. 

Up  to  this  time  the  only  outlet  for  the  product  of  the  region  had 
been  the  Baltimore  and  Ohio  Railroad  and  the  Canal,  but  in  1872  the 
Bedford  and  Bridgeport  Railroad  was  constructed  in  the  interest  of 
the  Pennsylvania  Railroad,  and  by  means  of  a  traffic  arrangement 
with  the  Huntington  and  Broad  Top  Railroad  the  facilities  of  the 
former  road  were  brought  to  the  Maryland  and  Pennsylvania  state 
line  of  Ellerslie,  and  the  construction  of  a  line  from  Kreigbaums  to 
the  State  Line  provided  an  outlet  to  the  Pennsvlvania  svstem. 

The  Pennsylvania  Railroad  was  thus  brought  into  direct  competi- 
tion wath  the  Baltimore  and  Ohio  Railroad  for  the  business  of  the 
region.  To  meet  this  condition  the  stock  of  the  Consolidation  Coal 
Company,  the  largest  shipper,  was  largely  acquired  by  the  Baltimore 
and  Ohio  Railroad  and  friendlv  interests,  and  in  1877  a  full  board 
of  directors,  friendly  to  this  interest  was  elected  with  Mr.  Chas.  F. 
Mayer  as  president. 

The  connection  with  the  Pennsylvania  Railroad  was  thus  rendered 
ineffective  and  in  1880  the  Cumberland  and  Georges  Creek  Rail- 
road, from  Cumberland  to  Lonaconing,  was  built  in  the  interest  of 
this  road  and  the  American  and  Maryland,  and  subsequently,  the 
New  Central  Companies  abandoned  their  connections  with  the  Cum- 
berland and  Pennsylvania  Railroad  and  confined  their  subsequent 
shipments  to  the  Pennsylvania  route.  A  few  years  later  connection 
was  also  made  with  this  road  by  the  Georges  Creek  Coal  and  Iron 
Company  without  abandoning  their  facilities  on  the  Cumberland  and 
Pennsylvania  Railroad. 

Previous  to  the  year  1890  the  Pittsburg  seam,  known  locally  as 
the  "  Big  Vein,"  had  supplied  ])ractically  all  the  tonnage  of  the 
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region.  Kumerous  efforts  had  been  made  to  work  the  other  seams 
with  occasional  temporary  success  which,  however,  had  not  resulted 
in  the  development  of  any  operations  of  importance. 

The  first  of  these  efforts  to  attain  permanent  success  was  that  of 
the  Franklin  Coal  Company  in  working  the  "  Tyson  "  or  "  Sewick- 
ly"  coal,  situated  some  sixty  feet  above  the  Pittsburg  seam.  On  the 
property  of  this  company  this  coal  is  about  six  feet  high  with  no 
slate.  The  coal  from  this  seam  was  successfully  mixed  with  that 
from  the  Pittsburg  seam  for  a  number  of  years.  With  the  gradual 
exhaustion  of  the  Pittsburg  bed  the  demand  for  other  sources  of  sup- 
ply became  imperative  and  large  amounts  of  money  were  spent  in 
prospecting.  As  on  the  Franklin  property,  some  success  was  en- 
countered with  the  beds  above  the  Pittsburg  by  mixing  with  the 
product  of  the  latter,  but  all  the  companies  having  any  considerable 
business  to  provide  for  have  been  obliged  to  secure  properties  in  other 
regions  in  order  to  supply  the  demands. 

The  excessive  activity  in  the  coal  business  which  originated  about 
the  year  1901  has  stimulated  the  development  of  the  lower  seams 
and  a  nimiber  of  operations  in  these  seams  are  being  successfully 
worked,  notably  along  the  West  Virginia  Central  and  Pittsburg  Rail- 
way, where  the  freight  rates  are  more  favorable  to  the  competition 
with  the  coal  from  other  sources,  which  must  be  met. 

Labok. 

The  earliest  mining  required  a  small  number  of  men  which  were 
readily  recruited  from  the  neighborhood.  The  increased  demand 
following  the  completion  of  the  Baltimore  and  Ohio  Railroad  and  the 
Chesai)eake  and  Ohio  Canal,  to  Cimiberland,  was  largely  supplied 
from  among  the  laborers  who  had  assisted  in  the  construction  of  these 
works.  These  men  were  principally  Irish,  who,  at  that  time,  were 
coming  to  this  country  in  large  numbers  owing  to  the  famine  and  the 
disturbed  political  conditions  in  their  own  land. 

As  the  workings  became  more  extended  and  more  skill  was  required 
in  their  prosecution,  men  were  brought  over  from  the  mining  dis- 


524  KEPOBT    ON    THE    COALS    OF   MABYI.Ain> 

tricts  of  Scotland  and  Wales  as  foremen.  These  were  naturally  fol- 
lowed by  their  friends  and  acquaintances  from  the  regions  they  had 
left  and  these  two  nationalities  have  supplied  the  bulk  of  the  labor. 

As  the  number  of  men  increased  the  usual  friction  between  em- 
ployees and  the  operators  manifested  itself.  For  many  years  each 
establishment  acted  independently  in  the  matter  of  wage  agreements 
and  strikes  were  numerous  though  usually  confined  to  one  or  two 
properties. 

The  growth  of  the  Knights  of  Labor  in  the  later  *'*  seventies  "  in- 
cluded this  region  and  by  1880  the  organization  was  well  establishel. 
As  there  was  no  unity  of  action  among  the  operators,  the  control  of 
the  properties  practically  passed  into  the  hands  of  the  employees, 
even  down  to  the  smallest  details  of  discipline.  This  system  ulti- 
mately caused  the  operators  to  enter  into  a  combination  which,  in 
1882,  reduced  the  mining  rate  from  sixty-five  to  fifty  cents  per  ton, 
and  fought  the  resulting  strike  as  a  unit. 

This  strike  lasted  six  months  and  was  bitterly  contested.  The 
Consolidation  Coal  Company  introduced  outside  labor  when  the 
strike  was  about  three  months  old,  but  the  movement  was  so  man- 
aged that  there  was  no  bloodshed. 

The  men  brought  in  at  this  time  were  mostly  Germans,  Swedes, 
and  Slavs  who  had  had  no  experience  in  mining,  but  after  a  few 
weeks  training  under  the  foremen  who  remained  loyal  to  the  Com- 
pany, they  produced  a  very  satisfactory  grade  of  coal.  A  few  of 
them  are  still  in  the  region,  but  an  interesting  peculiarity,  especially 
of  the  Germans  and  Swedes,  was  their  tendency  to  purchase  farms 
and  embark  in  agriculture  as  soon  as  they  had  accumulated  a  little 
money  in  mining. 

At  the  close  of  the  strike  the  men  went  to  work  on  the  operators' 
terms. 

Since  the  close  of  this  strike  the  operators  have  continued  to  act 
as  a  unit  on  all  matters  aflFecting  wages. 

The  organization  of  the  Knights  of  Labor  died  out  and  was  re- 
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placed  in  1886  by  another  organization  under  the  name  of  the  Fed- 
eration of  Miners  and  Mine  Laborers. 

This  revival  resulted  in  a  strike  of  two  months  duration  in  which 
the  men  demanded  an  increase  of  ten  cents  per  ton  on  the  rate  of 
forty  cents,  then  prevailing,  but  returned  to  work  without  securing 
any  concessions. 

In  1894  the  condition  of  the  trade  made  a  reduction  in  wages  neces- 
sary and  an  effort  was  made  to  effect  this  by  a  compromise  with  the 
men.  A  meeting  was  arranged  in  Cumberland  to  which  each  mine 
was  requested  to  send  delegates.  The  meeting  was  duly  held,  at- 
tended by  delegates  from  each  mine  and  by  a  representative  from 
each  employer.  The  situation  was  explained  by  the  employers'  rep- 
resentatives and  the  necessitv  for  the  reduction,  in  order  to  meet  the 
competition  of  other  regions,  was  fully  set  forth.  The  delegates  dis- 
claimed any  authority  to  acx^ept  or  reject  the  proposed  reduction,  but 
offered  to  report  to  their  constituents  and  notify  the  operators, 
through  the  Superintendents,  what  their  action  would  be.  Cordial 
expressions  of  good  will  were  made  by  both  parties  and  the  best  feel- 
ing prevailed.  The  delegates  reported  as  agreed  upon  and  with  the 
exception  of  two  or  three  mine;^,  notified  the  Superintendents  that  the 
reduction  from  fifty  to  forty  cents  per  ton  for  mining  would  be  ac- 
cepted to  last  \mtil  such  time  as  the  market  conditions  would  justify 
a  return  to  the  rate  of  fifty  cents.  Work  was  continued  throughout 
the  region  at  the  new  rate  and  the  ])rospects  for  a  peaceable  solution 
of  the  question  were  all  that  could  be  asked. 

A  few  wrecks  afterwards,  i[r.  W.  B.  Wilson,  an  officer  of  the 
United  Mine  Workers  ap})eare(l  in  the  region  and  after  some  time 
persuaded  the  men  to  declare  what  was  called  a  "  susjiension  '^ 
until  such  time  as  the  stoppage  of  the  shipments  should  cause  an 
advance  in  the  market  price  of  coal  and  enable  the  operators  to 
pay  a  higher  price.  The  fallacy  of  this  idea  was  soon  apparent  since 
the  stoppage  had  no  effect  on  the  market  prices  as  practically  all 
the  business  had  been  contracted  for  at  prices  based  on  the  rate  for 
which  the  men  had  already  agreed  to  work.     With  the  exception  of 
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the  Eckliart,  Alleghany  and  llotfman  mines  of  the  Consolidation 
Coal  Company  all  the  mines  in  the  region  suspended  operations. 
The  men  employed  in  these  mines  held  meetings  and  resolved  that 
having  given  their  ])romise  to  work  at  the  forty  cent  rate  they  were 
in  honor  bound  to  do  so. 

The  usual  methods  were  employed  to  induce  the  men  at  work  to 
join  the  strike.  Large  bodies  of  strikers  thronged  the  roads  as  these 
men  went  to  work  each  morning.  The  efforts,  confined  at  first  to 
good  humored  bantering,  gradually  become  more  ill-natured  and 
threatening  until  the  Sheriff  felt  obliged  to  ask  the  Governor  for 
troops.  The  fourth  and  fifth  regiments  of  the  Maryland  National 
Guard  responded,  the  latter  remaining  until  relieved  by  the  first 
regiment.  Under  the  protection  of  the  military,  the  work  proceeded 
at  the  mines  not  on  strike,  and  after  some  three  weeks  of  this  pro- 
tection all  the  mines  throughout  the  region  resumed. 

This  was  followed  by  a  practical  abandonment  of  anything  like 
organization  by  the  men,  until  1809  when  it  was  again  revived  under 
the  leadership  of  Mr.  William  Warner  of  the  United  Mine  Worker 
of  America. 

The  first  step  was  an  address  purporting  to  come  from  the  em- 
ployees, independent  of  the  organization,  asking  for  a  meeting  with 
the  operators  similar  to  that  held  in  1804.     So  many  of  the  operators 
still  cherished  feelings  of  resentment  at  the  failure  of  their  em- 
ployees to  carry  out  their  promises  in  1894,  that  it  was  impossible 
to  arrange  such  a  meeting,  and  in  its  stead  a  circular,  addressed  to 
the  employees  and  signed  by  all  the  operators  was  issued  and  posted 
at  the  mines.     This  had  little  effect  on  the  conservative  element  and 
w^as  used  by  the  agitators  to  stir  up  the  men  with  the  statement  tha'^ 
the  operators  considered  it  beneath  their  dignity  to  treat  with  t 
men.     The  agitation  proceeded  apace  with  the  avowed  object  of  oV:^ 
taining  an  advance  in  the  mining  rate  from  forty-five  to  fifty-fi^^^^  r 
cents  per  ton.     In  February,  1900,  the  operators  notified  the  e^^ 
ployees  that  after  the  first  day  of  April  the  rate  would  be  advan^^^^ , 
to  fifty-five  cents  per  ton.     The  demand  of  the  men  was  then         ^j 
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vanced  to  sixty  cents  and  on  March  31  the  organization  was  con- 
sidered strong  enough  for  a  demonstration. 

A  mass  meeting  was  called  at  Lonaconing  on  that  day  and  with  the 
exception  of  about  forty  per  cent  of  the  employees  of  the  Consolida- 
tion Coal  Company,  the  employees  of  all  the  operators  failed  to  re- 
port for  work.  The  Consolidation  Coal  Company  suspended  eighty 
men  who  had  taken  part  in  this  movement  and  its  employees  struck 
to  secure  their  reinstatement.  This  being  a  question  of  discipline 
and  not  one  of  wages  could  be  taken  up  by  the  officers  of  the  affected 
company  independent  of  the  other  employers  and  through  the  agency 
of  some  of  the  business  men  of  Frostburg  arrangements  were  made 
for  Mr.  C.  K.  Lord,  President  of  the  Consolidation  Coal  Company  to 
meet  a  committee  of  his  o^vn  employees  in  Baltimore,  but  before  this 
could  be  carried  out  the  authorities  of  the  United  ^Eine  Workers 
called  a  general  strike  in  which  the  lesser  issue  was  obscured. 

This  strike  lasted  four  months  and  involved  every  property  in  the 
region.  The  anxiety  to  work  .at  the  wages  offered  was  so  great  that 
continual  activity  on  the  part  of  tlie  violent  element  resulted. 
Assaults  were  numerous  and  a  number  were  injured  but  no  lives 
were  lost.  A  special  session  of  court  was  called  and  twenty  of  those 
most  active  in  these  assaults  w^ere  convicted  and  sentenced  for  periods 
ranging  up  to  six  months  in  the  House  of  Correction. 

The  men  returned  to  work  without  obtaining  any  concessions. 
Since  this  strike  the  United  Mine  Workers  have  maintained  a  few 
lodges  with  small  and  uncertain  membership  and  have  had  paid  rep- 
resentatives in  the  region  for  considerable  periods,  but  they  arc  not 
recognized  in  any  way  by  the  employers. 

Throughout  the  foregoing  paper  continous  effort  has  been  made  to 
limit  the  sources  of  information  to  printed  records  and  first  hand 
statements  in  all  important  matters.  The  information  concerning 
river  shipments  was  obtained  from  Mr.  George  Hughes  of  Cum- 
berland who  was  actively  en^a^ed  in  the  work.  Reports  of  experts 
and  annual  reports  of  Presidents  of  the  various  corporations  have 
been  relied  on  principally  for  the  remaining  matter. 


THE  COAL  MINES  OF  MARYLAND 


BY 

N.  ALLEN  STOCKTON 


Introductory. 

The  coal  mines  of  Maryland,  as  already  shown,  are  confined  to  the 
two  western  counties  of  the  State,  Allegany  and  Garrett,  and  occur 
in  five  synclinal  troughs,  the  most  important  of  which  lies  on  a  narrow 
strip  of  territory  on  either  side  of  the  valley  of  Georges  Creek  known 
as  the  Georges  Creek  Coal  Basin. 

Second  in  importance  to  the  Georges  Creek  valley  as  a  coal-min- 
ing region  is  the  southwestern  extension  of  the  Georges  Creek  Coal 
Basin  along  the  North  Branch  of  the  Potomac  river  on  the  border 
line  of  the  States  of  Maryland  and  West  Virginia.  The  mines  in 
this  region  in  many  instances  are  in  the  State  of  Maryland  while  the 
2oal  from  them  is  brought  to  and  shipped  by  the  West  Virginia  Cen- 
tral Railroad  in  West  Virginia.  This  region  is  known  as  the  North 
Potomac  Coal  Basin. 

Three  other  synclinal  basins  containing  the  coals  of  the  Allegheny 
formation  are  found  in  Garrett  county,  but  the  development  of  these 
areas  is  as  yet  limited  to  openings  intended  only  to  supply  coal  for 
local  domestic  uses. 

The  Georoks  Creek-Uppkr  Potomac  Basin. 

Throughout  the  Georges  Creek  coal  region  the  Pittsburg  seam, 
"  Big  Vein,"  or  ^'  Fourteen-foot  Vein  "  as  it  was  also  formerly  called, 
has  furnished  and  still  supplies  the  greater  part  of  tlie  coal  produced, 
and  the  coal  from  this  seam  has  a  quality  for  steam-producing  pur- 
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poses  and  a  thickness  of  bed  equal  if  not  superior  to  the  best  other 
"  steam  "  or  semi-bituminous  coals  in  the  world. 

In  addition  to  the  Pittsburg  seam  or  "  Big  Vein  "  of  the  Georges 
Creek  valley,  the  lower  coal  beds  of  the  Allegheny,  or  Lower  Produc- 
tive Coal  Measures  of  Pennsylvania,  appear  at  the  surface  at  the 
southern  end  of  the  basin  and  are  now  extensively  mined  from  Mos- 
cow to  Westemport  and  Bloomington,  and  still  farther  to  the  south- 
west along  the  west  bank  of  the  Potomac  river  on  the  eastern  border 
of  Garrett  county. 

At  Barrellville,  a  few  miles  beyond  the  northeastern  extremity  of 
the  Georges  Creek  region  proper,  the  coal  beds  of  the  Allegheny  coal 
series  are  operated  and  shipped  to  the  Cumberland  and  Pennsylvania 
Railroad  over  a  branch  railroad  owned  and  operated  by  the  Cumber- 
land Basin  Coal  Company. 

Two  coal  beds  of  the  Monongahela  series  lying  above  the  Pittsburg 
seam  are  also  worked  in  the  vicinity  of  Frostburg,  Lonaconing,  and 
Barton. 

For  62  years  the  coal  beds  of  the  Georges  Creek  region  (principally 
the  "  Big  Vein  ")  have  been  operated,  and  in  that  period,  extending 
to  the  end  of  the  year  1903,  110,249,946  tons  of  coal  have  been 
produced.  The  yearly  output  of  coal  from  the  Georges  Creek  region 
increased  from  1708  tons  in  1842  to  4,360,954  tons  in  1902,  when 
the  high-water  mark  of  coal  production  in  that  region  was  reached. 
In  1903  the  production  fell  off  somewhat,  the  output  of  the  region  for 
that  year  decreasing  to  3,977,130  tons. 

The  coal  of  this  district  is  known  commercially  as  "  Georges  Creek 
coal."  Sometimes  it  is  called  "  Cumberland  coal,"  and  formerlv  it 
was  often  sold  under  the  name  of  "  Piedmont  coal." 

The  Pittsburg  Seam,  or  "  Bio  Vein." 

The  "  Big  Vein,"  which  seems  to  correspond  in  geological  horizon 
to  tlie  Pittsburg  coal  bed  of  Pennsylvania,  at  one  time  spread  over 
the  greater  part  of  western  Maryland,  western  Pennsylvania,  and 
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West  Virginia,  as  well  as  other  western  and  southern  States,  is  now 
nowhere  to  be  found  in  the  State  of  Maryland  except  in  or  on  either 
edge  of  the  narrow  synclinal  basin  about  20  miles  long,  extending 
from  Mount  Savage  to  Westernport,  and  in  two  small  detached  areas 
in  the  Potomac  valley.  Through  nearly  the  middle  of  this  basin 
Georges  Creek  has  cut  its  way  from  Ocean  southward  to  the  Potomac 
river,  and  Jennings  Run  has  eroded  its  bed  from  Frostburg  north- 
ward to  Mount  Savage,  and  to  compensate  in  some  measure  for  the 
wholesale  destruction  of  incalculable  wealth  the  erosive  action  of  the 
waters  has  made  such  natural  conditions  through  these  valleys  that 
what  remains  of  this  coal  bed  has  been  generally  cheaply  and  easily 
mined. 

Near  the  northern  end  of  the  basin  the  "  Big  Vein  "  underlies  the 
to^vn  of  Frostburg,  but  close  to  the  northern,  eastern,  and  western 
borders  of  the  town  erosion  has  brought  it  to  the  surface,  so  that  its 
outcrop  is  entered  and  mined  by  drifts  and  slopes  in  the  mines  of  the 
Consolidation,  Union,  and  other  mining  companies.  From  Frost- 
burg to  Ocean  mine  No.  1  of  the  Consolidation  Coal  Company,  a  dis- 
tance of  four  miles,  the  "  Big  Vein  "  is  beneath  the  surface  and  out- 
crops only  on  the  edge  of  the  basin,  the  greatest  width  of  which  is 
three  and  a  half  miles.  At  Ocean  mine  No.  1  Georges  Creek  has  cut 
through  to  this  coal  bed,  and  from  Ocean  southward  to  Westernport 
that  creek  and  its  tributary  streams  have  eroded  their  courses  deeper 
and  deeper  into  the  underlying  measures  exposing  one  after  another 
of  the  lower  Conemaugh  and  Allegheny  series  of  coal  beds,  leaving 
numerous  detached  knobs  of  "  Big  Vein  "  coal  of  greater  or  less  area, 
which  outcrop  high  up  on  the  hills  on  both  sides  of  the  Georges  Creek 
valley. 

Thickness  of  the  '*  Big  Vein/' — The  "  Big  Vein  "  coal  bed  of 
Georges  Creek  was  formerly  called  the  "  Fourteen-foot  Vein  "  from 
the  usual  thickness  of  the  seam  at  the  southwestern  end  of  the  basin 
near  Piedmont,  West  Virginia,  and  Westernport,  Maryland.  At  this 
end  of  the  basin  the  coal  is  thickest  and  its  thickness  gradually  de- 
creases toward  the  northeast.     At  Frostburg  the  height  of  the  coal 
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is  not  niofe  than  8  or  d  feet,  and  at  the  latter  point  a  parting  of  shale 
or  "  alflte  "  of  considerable  thickness  appears  between  the  upper  and 
lower  benches  of  the  coal  and  extends  northeastward  to  the  northern 
limits  of  the  basin. 

Working  the  "Big  Vein"  coal  bed. — The  room  and  pillar  svstem 
in  some  of  its  various  modifications  is  the  method  of  mining  com- 
monly employed  in  working  the  coal  of  the  "  Big  Vein  "  coal  bed  in 


^■w  t'  sn-iU  if  a^i  £ 


Fia.  ^8. — Diagram  showing  a  Section  ot  the  Workings  of  the  "  Big  Vein  "  for 
Mine  No.  1.  Qeorges  Creek  Coai  and  Iron  Company. 

the  mines  of  the  Georges  Creek  region.  Two  or  more  main  headings 
or  entries,  parallel  to  each  other,  with  a  pillar  of  coal  between  them 
varying  in  thickness  from  50  to  100  feet,  are  driven  from  the  entrance 
of  the  mine  into  the  area  to  be  worked.  One  of  these  entries  is  used 
for  haulage,  one  for  an  air>vay  for  the  return  ventilation,  and  some- 
times a  third  and  separate  one  is  driven  for  a  "  manway  "  or  "  travel- 
ling way  "  for  the  use  of  the  miners  in  going  to  and  from  the  working 
places.  OS  the  main  entries  at  intervals  of  from  300  to  500  feet 
side  entries  are  turned  at  angles  of  30"  to  90°  from  the  course  of  the 
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main  entries  and  are  driven  in  pairs  to  the  extremities  of  the  area  to 
be  mined.  One  of  each  set  of  two  parallel  entries  is  used  for  haulage, 
a  travelling  way  for  miners,  and  for  a  passage  way  for  the  air  going 
into  the  working  places.  The  other  is  for  the  return  air  on  its  way 
to  the  main  entry  after  it  has  ventilated  the  rooms  and  pillars.  The 
side  headings  are  driven  on  such  courses  that  the  grades  of  the  haul- 
age tracks  will  be  in  favor  of  the  loaded  mine  cars  coming  out,  which 
also  insures  natural  drainage  from  the  innermost  workings  of  the 
mine  toward  the  main  entry  and  from  thence  to  the  surface  through 
the  mouth  of  the  mine,  or  to  the  sump. 

The  side  headings  divide  the  coal  into  blocks  300  to  500  feet  wide. 
Through  these  blocks  rooms  are  driven,  extending  from  the  haulage- 
way  of  one  pair  of  headings  to  the  return  airway  of  the  pair  of  head- 
ings next  above  them,  in  the  direction  of  the  "  rise  "  of  the  coal  bed. 
Side  entries  are  driven  usually  8  feet  wide  parallel  to  each  other  and 
with  about  50  feet  of  coal  between  each  pair.  Rooms  are  made  from 
12  to  16  feet  wide  with  a  pillar  of  coal  between  them  from  30  to  75 
feet  thick,  the  size  of  the  pillars  depending  upon  the  thickness  of  the 
"  cover  "  or  rock  strata  lying  above  the  coal  bed. 

In  some  of  the  mines  of  Georges  Creek  the  rooms  are  driven  as  the 
headings  advance.  Sometimes  every  other  room  is  driven  as  the 
entries  advance  and  the  intermediate  rooms  are  not  driven  until  just 
before  the  pillars  are  to  be  drawn.  In  other  mines  rooms  are  not 
broken  off  from  the  headings  until  the  latter  reach  the  limits  of  the 
area  to  be  worked.  Then  a  limited  number  of  rooms  are  driven  at 
the  interior  end  of  the  headings,  and  as  soon  as  the  rooms  are  through 
the  block  of  coal  above  the  headings  the  pillars  are  drawn.  The 
method  of  drawing  rooms  as  the  headings  advance  furnishes  the 
quickest  output  of  coal  in  opening  a  mine,  but  does  not  secure  as 
large  a  yield  of  coal  to  the  area  as  when  the  rooms  are  not  driven 
imtil  the  headings  reach  their  limits  and  the  rooms  broken  off  at  the 
end  of  the  headings.  The  Consolidation  Coal  Company  adopts  the 
plan  of  turning  off  the  side  entries  at  an  acute  angle  from  the  course 
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of  the  main  entries,  in  order  to  reach  their  boundaries  by  the  short- 
est course. 

Roof  coal,  props,  etc. — Immediately  overlying  the  "  Big  Vein  '■  is 
a  brittle  slate  interstratified  with  thin  seams  of  coal  known  as  the 
"  Wild  Coal "  or  "  Rashings."     Upon  exposure  to  the  air  tlie  wild 
coal  crumbles  and  falls.     To  prevent  it  from  falling  some  of  the  coal 
of  the  upper  portion  of  the  seam  known  as  the  roof  coal  is  commonly 
left.     The  roof  coal  contains  many  "  slips  "  or  inverted  wedge-shaped 
masses,  formed  by  the  cleavage  planes  of  the  coal  bed.     To  prevent 
these  from  falling  it  is  necessary  to  use  props  in  all  of  the  wider 
working  places  of  the  mines.     Props  are  placed  near  the  center  of 
the  rooms  and  about  4  feet  apart.     The  props  are  cut,  by  the  miners 
who  set  them,  slightly  shorter  than  the  height  of  the  coal,  and  a  wedge 
of  wood  called  a  "  cap-piece  "  is  driven  between  the  prop  and  the 
roof.     Frequently  the  prop  supports  a  "  cross-bar  "  placed  at  right 
angles  to  the  course  of  the  room  and  the  prop  and  cross-bar  are  wedged 
securely  between  the  floor  and  roof  by  a  cap-piece.     Generally  the 
cross-bars  are  let  into  the  coal  of  tlie  "  rib,"  or  side  of  the  room. 
Sometimes  two  props  are  placed  under  each  cross-bar,  one  near  each 
end  of  the  bar.     The  cross-bar  and  the  prop  or  props  supporting  it 
are  called  a  "  set  of  timbers."     To  lessen  the  danger  from  "  slips," 
rooms  are  driven,  where  it  is  possible,  in  a  direction  oblique  to  the 
course  of  the  cleavage  planes  of  the  "  slips."     The  course  of  these 
slips  in  the  central  portion  of  the  region  is  S.  28°  E.     By  taking  this 
precaution  the  "  rib  "  or  unmined  coal  of  the  pillar  is  made  to  assist 
in  keeping  the  slips  from  falling.     More  serious  and  fatal  accidents 
occur  from  the  unexpected  fall  of  these  slips  than  from  any  other 
cause.     The  timbering  is  kept  close  to  the  face  of  the  rooms,  and  not 
more  than  5  or  6  feet  of  unsupported  roof  is  allowed  between  the 
timbers  and  the  face  of  rooms.    The  course  or  direction  of  entries  and 
rooms  is  directed  by  "  points,"  which  consist  of  two  strings  suspended 
from  nails  driven  into  the  roof  of  the  mine.     The  "  point  nails "  and 
strings  are  set  by  a  transit  or  compass.     The  line  joining  the  point 
strings  is  the  course  or  direction  on  which  the  entry  or  room  is  to  be 
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driven.  Each  time  the  miner  cuts  his  place  he  is  required  to  sight 
over  the  *'  point  strings  "  to  a  light  held  at  the  "  face  "  of  the  place 
he  is  driving,  and  to  cut  a  "  rib  "  or  side  of  the  place  so  that  it  is 
from  one  to  two  feet  from  and  parallel  with  the  line  of  points.  Occa- 
sionally the  heading  or  room  is  driven  with  the  point  line  in  the 
center  of  it,  but  the  usual  custom  of  the  region  is  to  "  carry  from 
one  to  two  feet  of  points  on  the  left-hand  rib." 

*'  Break-throughs/' — The  absence  of  fire-damp  enables  the  miners 
to  drive  their  working  places  long  distances  in  the  coal  with  safety 
without  breaking  through  the  pillar  from  one  entry  or  room  to  the 
next  for  ventilation.  In  some  mines  it  has  been  the  practice  to  leave 
the  pillars  between  the  entries  unbroken  for  distances  of  400  feet 
or  more,  and  the  pillars  between  rooms  have  frequently  remained 
unbroken  throughout  their  entire  length  until  the  pillars  are  ready 
to  be  drawn.  Of  late  years,  however,  owing  to  the  introduction  of 
powder  for  blowing  down  the  coal  and  the  requirements  of  the  min- 
ing laws,  '^  break-throughs "  or  cross-cuts  are  driven  through  the 
pillars  as  the  working  places  advance  at  distances  apart  not  greater 
than  35  yards. 

The  width  of  rooms,  and  the  size  of  the  pillars  left  between  the 

rooms,  vary  according  to  the  thickness  of  the  "  cover  "  or  overhanging 

strata.     ^Miere  the  cover  is  "  light,"  as  is  more  likely  to  be  the  case 

on  the  edges  of  the  basin,  a  pillar  20  feet  wide  is  sufficient  to  ensure 

safety  to  the  workings  of  the  mine.     Where  the  cover  is  heavier 

thicker  pillars  are  required.     In  many  mines  care  is  now  taken  to 

leave  a  solid  body  of  coal  below  each  set  of  rooms,  of  sufficient  size 

to  stop  or  localize  a  "  squeeze  "  or  "  crush  "  of  the  coal  if  it  should 

occur.     Experience  has  taught  the  operators  that  many  rooms  should 

not  be  driven  in  a  block  of  coal  unless  the  pillars  are  drawn  as  soon 

as  the  rooms  are  tlirough  to  the  heading  above,  and  then  the  pillars 

should  be  brought  back  as  quickly  as  possible.     The  neglect  of  these 

precautions  has  caused  the  loss  of  large  areas  of  *'  Big  Vein  "  coal. 

Lifting  bottoms, — Until  about  fifteen  years  ago  the  coal  in  the 
lower  bench,  or  what  is  commonly  kno^vn  as  "  the  bottoms  "  of  the 
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"  Big  Vein,"  was  not  considered  marketable  coal  on  account  of  the 
slate  partings  it  contains,  and  many  acres  of  this  valuable  l)eucli  of 
coal  have  been  buried  in  the  waste  and  can  never  be  recovered.     The 
bottom  coal  in  the  central  part  of  the  region  has  always  two  and  often 
three  thin  slates.     The  lowest  lies  about  1  foot  from  the  pavement 
and  varies  in  thickness  from  ^  inch  to  the  thickness  of  a  sheet  of 
paper.     The  other  two  slates,  neither  of  them  over  an  inch  thick, 
are  found  about  6  inches  apart  and  from  2  to  3  feet  from  the  floor 
of  the  coal  bed.     With  the  full  height  of  the  ''  Big  Vein  "  of  10  or 
11  feet  in  the  central  part  of  the  basin,  the  heaving  of  the  pavement 
and  settling  of  the  roof  when  the  pillars  are  being  drawn  frequtMuly 
reduce  the  height  of  the  haulage  road  so  much  that  it  is  often  «liffi- 
eult  for  a  mine  car  to  pass  under  the  cross-bars  and  into  the  j)illar 
before  all  of  the  coal  is  removed.     The  timbers  first  set  are  bent  and 
broken  so  that  it  becomes  necessary  to  place  new  sets  of  timbers  with 
shorter  props  between  the  original  sets. 

When  the  breast  coal  only  is  mined  and  the  height  of  the  place  is, 
therefore,  from  two  and  one-half  to  three  and  one-half  feet  less  than 
where  the  bottoms  are  lifted  it  is  still  more  difficult  to  retain 
head-room  for  cars  to  pass  to  and  from  the  pillars.  This  considera- 
tion, as  well  as  the  three  feet  or  more  of  coal  gained  in  working  the 
bottom  coal,  is  found  to  overbalance  the  extra  labor  and  care  required 
in  separating  the  slates  in  the  bottom  bench.  By  careful  mining 
this  bottom  coal  becomes  quite  as  marketable  as  the  breast  coal  and 
few  operators  now  adhere  to  the  old  custom  of  mining  only  the  l»r''ast 
coal. 

Drawing  pillars, — ^When  a  number  of  rooms  at  the  interior  end  of 
a  heading  are  finished  the  pillars  of  coal  betvv^een  them  are  taken  out, 
and  to  secure  the  greatest  yield  of  coal  from  the  pillars  the  "  piU^^ 
drawing  "  is  done  as  quickly  as  possible.  Pillaring  is  l>egnii  near  the 
end  of  the  last  interior  room  of  a  heading  by  driving  a  cross-cut  into 
the  pillar  which  lies  between  that  room  and  the  boimdary  or  **  waste, 
as  the  ease  may  be.  Through  this  cut  the  stump  of  coal  lietween  it 
and  the  waste  is  removed.     When  the  latter  stump  is  finished,  an- 
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other  cut  is  made  into  the  same  pillar  about  30  feet  farther  down  the 
room  than  the  first  cut.  At  the  same  time  that  the  second  cut  in  the 
room  next  to  the  boundary  is  being  driven  a  cut  is  started  near  the 
end  of  the  second  room  from  the  boundary  and  is  driven  through  the 
pillar  between  the  two  last  rooms.  When  all  the  coal  that  can  be 
gotten  is  taken  out  of  the  stumps  that  lie  above  the  two  last-named 
cuts,  new  cuts  are  started  in  each  of  the  two  last  rooms  about  30  feet 
below  each  former  cut,  and  simultaneously  the  first  cut  is  started 
near  the  end  of  the  third  room  from  the  boundary,  and  so  on.  As 
soon  as  the  coal  above  the  first  cut  in  each  room  is  mined,  the  first 
cut  in  the  room  next  outside  of  it  is  driven  towards  the  boundary,  and 
pillaring  in  that  room  is  begun.  .  As  soon  as  each  cut  is  finished  and 
the  coal  above  it  taken  out,  a  new  cut  is  started  lower  down  the  room 
until  the  pillars  are  brought  back  to  the  haulage  heading,  then  the 
stump  between  the  haulage  heading  and  the  return  air  heading  is 
gradually  brought  back  toward  the  main  entries  by  cross-cutting  it  in 
the  same  manner  as  the  pillars  between  the  rooms.  In  some  cases 
the  pillars  on  both  sides  of  a  room  are  taken  out  from  the  one  room 
and  several  modifications  of  the  general  plan  of  robbing  pillars  just 
described  is  resorted  to  where  conditions  require  it. 

While  the  pillars  between  rooms  are  being  drawn  new  rooms  are 
driven  into  the  block  of  coal  between  the  old  rooms  already  up  that 
are  being  pillared  and  the  main  heading,  unless  rooms  have  been 
previously  driven  while  the  headings  advanced.  These  new  rooms 
take  the  place  of  those  that  are  finished,  and  so  the  output  of  the  mine 
is  kept  up  to  a  regular  capacity. 

In  drawing  pillars  care  is  used  to  take  out  all  the  coal  possible. 
Not  only  on  account  of  the  commercial  value  but  also  to  induce  the 
strata  above  the  "  waste,"  or  coal  taken  out,  to  break  through  to  the 
surface.  For  when  the  rocks  lying  above  the  waste  are  properly 
Iroken  their  weight  falls  upon  the  waste  and  the  pressure  upon  the 
coal  in  the  pillars  is  relieved.  If  the  coal  in  the  pillars  is  not 
thoroughly  taken  out  what  is  left  prevents  the  strata  above  the  waste 
from  falling  and  breaking,  the  pressure  rides  over  onto  the  pillars 
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and,  if  other  conditions  are  favorable,  produces  a  ''  squeeze "  or 
"  crush,"  until  finally  no  amount  of  propping  will  prevent  the  rooms 
from  falling  in.  Often  when  a  mine  is  idle  for  any  length  of  time 
from  any  cause,  unless  the  mine  is  frequently  examined  and  timbers 
set  where  needed,  the  roof  falls  in,  in  places.  If  the  fall  occurs  in 
a  heading  the  debris  is  taken  outside  of  the  mine  or  else  thrown  into 
cross-cuts  no  longer  needed  for  ventilation,  et  cetera,  but  when  the  fall 
occurs  in  a  room  it  is  often  found  more  economical  not  to  remove 
the  debris  but  to  drive  a  new  room  through  the  center  of  the  pillar, 
and  the  coal  on  both  sides  of  the  new  room  being  thrown  from  the 
top  downwards.  In  driving  the  pillars  between  rooms  where  the 
cover  is  heavy,  it  is,  therefore,  advisable  to  leave  the  pillars  lietweon 
them  large  enough  to  allow  a  new  room  to  be  driven  in  them  if  it 
should  be  necessary. 

Props  are  used  plentifully  through  the  region  at  most  of  the  mines. 
They  are  generally  required  to  be  4  inches  l>etween  the  bark  at  the 
small  end,  if  of  hard  wood,  and  5  inches  if  of  soft  wood.     Their 
use  is  principally  for  the  purpose  of  keeping  the  '^  slips  "  and  loose 
places  of  the  roof  from  falling,  and  they  are  not  expected  to  support 
the  weight  of  overlying  strata.     When  the  weight  of  the  rocks  above 
the  coal  bed  comes  upon  them  they  are  soon  broken.     It  is  the  cus- 
tom to  try  to  prevent  "  squeezes  "  or  "  crushes  "  of  the  rooms  and 
pillars  rather  than  to  control  them  after  they  have  started.     Some- 
times, however,  when  a  "  squeeze  "  does  occur  "  shanties  "  are  buil 
to  stop  it.     These  "  shanties  "  are  wooden  structures  resembling  th^ 
walls  of  an  old-time  log  cabin.     They  are  wedged  tightly  betw 
the  pavement  and  the  roof  of  the  mine.     The  means  of  prevent! 
of  "  squeezes  "  g^enerally  used  are  proper  robbing  of  the  pillars 
cause  the  strata  to  break;  the  avoidance  of  having  too  many  r« 
at  one  time  in  one  block  of  coal;  the  leaving  of  a  large  enough  V^^^^Igf 
between  the  rooms,  and  of  a  still  larger  pillar  or  block  of  coal  bet\«5^,^^ 
blocks  of  coal  being  worked.     Keeping  the  pillars  in  line  as  the;^S!*-  ^^ 
drawn  back  is  found  to  assist  greatly  in  securing  the  coal  in  t>7^/2y 
since  if  one  or  two  pillars  are  out  of  line  with  the  rest,  those  c^iit  of 
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place  receive  an  unequal  and  much  greater  share  of  pressure  than  the 
others.  They  become  crushed  so  that  they  cannot  be  taken  out,  while 
at  the  same  time  they  prevent  the  thorough  breaking  of  the  strata 
above  the  coal.  The  importance  also  is  realized  of  protecting  all 
main  entries  by  solid  pillars  of  coal  on  either  side  of  them,  which 
pillars  are  not  taken  out  until  the  workings  of  the  mine  are  brought 
back  to  these  headings.  When  it  is  possible  to  do  so,  the  headings 
are  driven  to  the  end  of  the  property  and  the  coal  is  taken  out  begin- 
ning at  the  property  line,  or  extreme  "  inside  place  "  as  it  is  called, 
and  the  mine  is  worked  back  towards  its  mouth.  Frequently  J  of 
the  total  amount  of  the  coal  contained  in  the  "  Big  Vein  "  is  taken 
out  and  sometimes  more  than  13,000  tons  per  acre  is  secured. 

It  has  been  found  that  the  greatest  production  of  coal  per  acre  has 
been  secured  where  not  more  than  12  or  14  parallel  rooms  in  one 
heading  are  worked  at  one  time.  In  one-half  of  these  the  pillars  are 
being  drawn  while  the  others  are  being  driven. 

One  of  the  most  serious  causes  of  loss  of  coal  is  idleness  of  the 
mines.  At  times  the  supply  of  cars  is  short  or,  as  is  not  so  often  the 
case,  the  operator  has  not  enough  orders  for  coal  to  keep  the  miners 
working  steadily  or  to  their  full  capacity.  'Strikes  of  the  miners 
sometimes  enforce  idleness  of  the  mines.  In  all  of  these  cases  more 
or  less  loss  of  coal  is  the  result.  The  longer  the  pillars  stand  where 
the  pressure  in  them  is  great,  the  more  unsafe  to  workers  they  will 
become.  Often  a  pillar  will  be  perfectly  safe  one  day  and  the  next 
it  will  be  unfit  for  men  to  work  in. 

Some  operators  employ  a  "  night  shift,"  or  force  of  men  at  night, 
for  the  special  purpose  of  saving  coal  of  "  the  pillars  "  that  would 
be  lost  if  it  were  left  in  only  over  night.  Experienced  miners  know 
when  a  place  is  safe  and  when  it  is  unsafe  to  work  in,  and  are  care- 
ful to  protect  themselves  against  accidents  by  proper  timbering  of 
the  roof.  The  condition  of  the  roof  is  determined  by  sounding  it 
^vith  a  pick.  A  practiced  ear  can  readily  detect  when  the  roof  is 
strong  and  when  it  is  likely  to  fall. 

Culling  the  coaL — The  coal  of  the  "  Big  Vein  "  is  soft,  can  readily 
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be  mined  hy  hand  pick-work,  and  but  few  cool-miuing  machines  are 
in  use.  The  first  eoal-cutting  machines  introduced  into  the  region 
were  installed  hy  the  Consolidation  Coal  Company  in  1899.  The 
machines  used  are  all  of  the  "  puncher  "  type  and  no  chain  machines 
are  operated.  Mining  machines  undercut  the  coal  for  a  distance  of 
five  or  six  feet,  and  the  "  breast "  is  then  wedged  or  bored  and  sliot 
down  bj'  powder '  or  dynamite.  A  machine  runner  and  a  helper  an? 
required  to  operate  each  machine. 

When  machines  are  worked  the  mining  machine's  wheels  rest  u|xnt 
a  broad  cutting  board.     The  board  is  placed  close  against  "  the  face  " 


Fio.  29, — CoBl-CuttIng  Machine,  called  by  the  miners  "a  Fuocbing  Machine." 

and  is  inclined  towards  it,  so  that  the  weight  of  the  machine  is  thrown 
against  the  face  at  each  stroke  or  blow  of  the  machine.  The  machine 
runner  directs  the  blow  to  the  desired  point  by  the  handles.  The 
helper  shovels  back  the  coal  from  the  undercut,  so  tliat  a  fresh  face 
of  uncut  coal  is  continually  exposed  to  the  pick-point  of  the  macliine. 
The  methods  of  cutting,  however,  most  generally  in  use  throughont 
the  mines  of  the  region  is  to  undercut  and  side-cut  or  shear  the  coal 
hy  hand,  by  means  of  a  pick,  and  then  wedge  or  blast  down  the  coal. 
The  undercut  is  made  in  a  soft  layer  in  the  breast  coal,  called  (he 
"  mining  ply."     This  raining  ply  is  3  to  6  inches  thick  and  is  just 

/  prohlbiied  by  moBt 
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.bove  a  thin  parting  of  slate  which  ordinarily  occurs  about  three 
eet  from  the  floor  of  the  '*  Big  Vein."  The  coal  mined  above  this 
►ench,  known  as  the  breast  coal,  is  then  loaded  into  the  mine  cars. 
VTien  all  the  coal  above  the  slate  parting  is  loaded,  the  slate  is  care- 
ully  taken  up  and  thrown  into  the  '*  gob,"  or  place  for  refuse,  on 
he  unused  side  of  the  room.  Then  the  low^er  bench,  known  as  the 
►ottom,  is  wedged  up,  cleaned  from  slate  and  loaded  into  the  mine 
ars.  The  amount  of  coal  that  a  miner  can  cut  by  hand  and  load 
)er  day  is  about  5  tons.  At  the  present  rate  of  60  cents  per  ton  for 
oom-work  the  miner  can  earn  $2.50  to  $3.00  for  a  full  day's  labor. 
^s  a  rule  from  two  to  four  men  work  together  in  a  room,  and  the  coal 
nined  and  loaded  is  divided  equally  betw^een  them.  Boys  over  14 
'ears  old  arc  employed  under  the  supervision  of  older  and  more 
xj)erienced  miners.  The  boys  are  allowed  a  ^'  half-turn,"  that  is, 
hev  are  credited  w^ith  one-half  the  labor  of  a  man  in  the  division  of 
he  earnings.  Care  is  taken  that  the  drivers  distribute  the  cars  to 
lie  miners  so  that  each  has  the  same  number  of  cars  to  load  in  a  dav's 
ime.  In  loading  the  cars  the  fine  coal  is  first  shovelled  into  the  bed 
f  the  car  and  the  lump  is  used  to  build  up  or  top  it  from  one  foot  to 
ighteen  inches  about  the  body  of  the  car. 
From  the  rooms  each  car  as  loaded  is  taken  out  bv  a  driver  with 
horse,  mule,  or  motor  to  the  side  heading.  \\Tien  the  driver  has 
gathered  loaded  cars  from  several  rooms,  tIk^  ^rade  of  the  heading 
otermining  the  number  that  can  be  successfully  handled,  the  driver 
ulls  them  out  to  the  main  entry,  or  haulage  heading,  where  they  are 
[istened  to  the  trip  on  its  way  to  the  tipple.  Each  loaded  car  bears 
ic  check  of  the  miners  who  have  loaded  it.  When  the  cars  are 
weighed,  just  before  they  are  dumped,  the  man  who  weighs  them, 
ikes  off  each  check  and  credits  the  weight  of  the  coal  to  the  miners 
'hose  names  appear  on  the  ^Veight  sheet  opposite  the  number  of  the 
beck. 

The  mine  cars  containing  the  coal,  after  being  weighed,  are  emp- 
ied,  usually  without  screening,  into  the  railroad  cars.  The  coal 
rom  most  of  the  mines  of  the  Georges  Creek  region  is  sold  as  run 
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of  mine.  Much  care  is  taken  to  secure  as  large  a  percentage  of  lump 
coal  as  possible.  The  coal  produced  in  driving  headings  and  rooms 
is,  on  an  average,  coarser  and  contains  a  greater  percentage  of  lump 
coal  than  that  obtained  in  drawing  pillars,  especially  is  this  true 
where  the  cover  is  heavy,  for  the  weight  upon  the  pillars  then  crushes 
and  breaks  the  coal.  For  the  latter  reason  the  coal  produced  by  the 
mines  lying  on  the  edges  of  the  basin,  where  the  cover  is  lighter,  con- 
tains a  larger  proportion  of  lump. 

Wire  rope  haulage , — The  motive  power  used  on  the  main  haulage 
headings  is  usually  some  application  of  wire  rope  haulage.  Where 
the  grades  of  the  haulage  entry  are  less  than  10  per  cent  for  lonir 
roads  and  5  per  cent  for  short  ones,  a  tail-rope  system  is  most  fre* 
quently  used.  AMiere  the  grades  are  greater,  gravity  planes  are 
found  to  be  better  suited  for  haulage  purposes. 

In  a  tail-rope  system  the  ropes  for  pulling  the  empty  cars  into  the 
mine,  called  the  tail  ro}:)e,  is  carried  along  the  side  of  the  track,  and 
is  guided  and  kept  in  jwsition  by  iron  sheaves.  At  the  inside  end 
of  the  haulage  entry  the  tail  rope  passes  around  a  large  iron  sheave 
placed  horizontally,  called  a  "  bull-wheel."  The  tail  rope  then  re- 
turns toward  the  mouth  of  the  mine,  down  the  center  of  the  haulage 
track.  The  end  of  the  tail  rojx3  is  fastened  to  the  front  end  of  the 
train  or  "  trip  "  of  empty  cars  going  and  by  it  the  "  trip  "  is  pulled 
into  the  mine.  Another  rope  is  attached  to  the  rear  end  of  the 
**  trip,''  and  as  the  tail  rope  pulls  the  "  trip  "  in,  the  pulling  rope  is 
unwound  from  its  drum  and  taken  in  with  it.  When  the  empty  cars 
have  been  distributed  into  the  various  side  headings,  the  pulling  rope 
is  fastened  to  the  front  end  of  a  train  of  loaded  cars  ready  to  come 
out.  Each  rope  is  wound  on  a  separate  drum,  working  independently 
of  eacli  other.  Each  drum  has  a  clutch,  so  that  the  engineer  can 
cause  it  either  to  revolve  on  its  shaft  or  to  turn  with  its  shaft  as 
requiro;].  One  engine  operates  both  drums.  When  the  tail-rope 
drum  pulls  the  rope  and  with  it  the  train  of  cars  into  the  mine,  the 
otiicr  rope  is  wound  off  of  its  drum.  When  the  pulling  rope  pulls 
the  loaded  cars  out  of  the  mine  the  tail  rope  is  unwound  from  its 
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driim.  The  length  of  the  puUing  rope  is  equal  to  the  length  of  the 
haulage  road,  while  the  length  of  the  tail  rope  must  be  double  that  of 
the  other. 

In  the  smaller  mines  where  the  grades  are  less  than  5  per  cent  and 

where  the  length  of  the  haulage  entries  is  not  more  than  2000  feet, 

» 

horse  power  is  generally  preferred.  Where  gravity  planes  are  used, 
the  loaded  and  empty  cars  are  connected  by  a  wire  rope  which  passes 
around  a  drum  or  set  of  wheels  at  the  top  of  the  plane.  The  loaded 
cars  descending  lift  the  empty  ones  from  the  foot  to  the  head  of  the 
plane.  Two  or  more  loaded  cars  are  commonly  let  down  the  planes 
at  a  time,  and  the  same  number  of  empty  cars  lifted  by  them.  The 
speed  of  the  cars  is  regulated  by  brake  bands  acting  on  the  wheels  at 
the  head  of  the  plane.  These  brakes  are  controlled  by  a  lever  oper- 
ated by  the  man  who  "  runs  the  plane." 

Another  method  of  underground  haulage, — At  the  power  plant  of 
the  Consolidation  Coal  Company's  Pumping  Shaft,  near  Borden 
Shaft,  a  high-pressure  Xorwalk  Compressor  or  locomotive  charger 
supplies  air  for  a  compressed-air  locomotive.  The  air  from  this  com- 
pressor, at  a  pressure  of  800  pounds  to  the  square  inch,  is  carried 
6000  feet  underground  and  charges  a  locomotive  used  for  haulage 
in  the  Hoffman  mine.  A  high  pressTire  air  compressor  at  Ocean 
No.  1  also  furnishes  air  at  a  pressure  of  800  pounds  to  the  square 
inch  to  a  motor  in  Ocean  Jfo.  8,  the  pipes  for  charging  the  latter 
passing  through  the  entries  of  Ocean  Xo.  1 . 

For  gathering  loaded  mine  cars  in  rooms  and  side  entries  and 
delivering  them  on  rope  roads,  horses  or  mules  are,  as  a  rule,  em- 
ployed. Mules  are  preferred  to  horses  by  the  Consolidation  Coal 
Company,  while  the  Georges  Creek  Coal  and  Iron  Company  and 
other  large  operators  give  horses  the  preference.  Mules  are  less 
liable  to  diseases  of  the  hoofs  and  feet,  ])articularly  navicular  disease^ 
than  horses.  On  the  other  hand,  the  pulling  power  of  a  horse  is 
considered  to  be  considerably  greater  than  that  of  a  mule. 

The  Consolidation  Coal  Company  uses  eleven  small  compressed-air 
motors  for  gathering  mine  cars  in  the  rooms  of  the  Hoffman  mine. 
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A  test  of  tlic  comparative  cost  of  gathering  cars  by  motors  and  niulfti 
in  tlie  iriine  liaa  proved  the  superiority  of  the  former.  An  aarouiit 
of  the  result  of  this  test  has  l>eeeii  read  by  Mr.  B.  S.  Randolph,  for- 
merly mining  superintendent  of  the  Consolidation  Coal  ComiMinv, 
before  the  American  Institute  of  Mining  Engineers. 

I 


— Sketrh  illustrating  the  uaual  arrangement  of  Tracks.  Props,  sad 
Cross-bars  in  Rooms. 


Where  u  mine  is  entered  by  means  of  a  slope,  snch  as  the  Ecklisrl 
and  HoiFiiiaii  mines  of  the  Consolidation  Coal  Company,  a  drum  <:>'* 
tlie  surface  wound  by  a  stationary  engine  pulls  the  loaded  ears  i-rvV 
the  jilane  by  means  of  a  wire  rope.     The  empty  cars  going  Jo^-^'' 
the  plane  by  gravity  pull  the  rope  in  with  them.     A  tail-rope  svster^  — '"' 
however,  brings  tlie  coal  to  the  surface  on  the  slope  of  Ocean  No.  '" 

Mine  (ratal's.— The  gauge  of  tracks  used  in  the  different  mines— ^  " 
the  region  varies  from  30  to  4S  inches,      fn  headings  T-iron  weigh  — ^'^r 
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from  16  to  40  pounds  per  yard  is  laid  upon  hewed  or  sawed  cross- 
ties,  the  latter  placed  18  inches  to  2  feet  apart.  Where  the  haulage 
is  done  by  ropes,  sheave?,  or  rollers  to  guide  and  reduce  the  friction  of 
the  ropes  are  fastened  to  two  cross-ties.  On  straight  roads  these 
rollers  are  of  wood,  revolving  on  an  iron  or  w^ooden  spindle. 

The  roller  is  kept  in  position  by  two  wooden  supports,  each  of 
which  has  a  horizontal  hole  of  slightly  longer  diameter  than  the  axle 
of  the  roller  which  revolves  on  it.  The  roller  supports  are  nailed 
across  two  adjoining  cross-ties  in  the  middle  of  the  mine  car  track. 
On  curves  the  roi)es  are  kept  in  position  by  iron  sheaves  revolving 
on  a  vertical  axle.  ^ 

At  convenient  points  in  the  mine,  usually  close  to  where  the  side 
headings  join  the  main  entries,  turnouts,  or  side  tracks  are  made  for 
the  empty  cars  to  pass  the  loaded  ones.  On  main  headings  switches 
or  turnouts  are  constructed  of  T-iron.  In  rooms  the  tracks  are  gen- 
erally of  wood,  the  rails,  of  sawed  lumber  4  by  4  indies  square,  are 
laid  upon  angle  ties  w^hich  have  notches  slightly  more  than  4  inches 
wide,  cut  into  one  edge  of  them  to  receive  the  rails.  The  rails  are 
laid  on  these  notches  and  are  held  securely  to  the  gauge  of  the  track 
by  a  wedge  driven  on  the  outside  of  the  rails.  The  angle  ties  are 
laid  on  the  pavement,  resting  on  the  base  of  the  triangle  opposite  the 
notch  which  holds  the  rail.  Sometimes  strap-iron  is  nailed  upon  the 
wooden  rails  to  prevent  wear  and  lessen  friction.  The  tracks  are  car- 
ried into  the  rooms  as  the  rooms  advance,  so  that  the  mine  cars  can 
always  stand  upon  the  track  near  enough  the  face  w^here  the  coal  is 
mined  for  the  miner  to  shovel  the  coal  easily  into  them.  The  wooden 
track  of  the  rooms  is  turned  into  the  cross-cuts  when  the  pillars  are 
Ixjing  drawn.  The  wooden  rails  are  curved  by  sawing  them  partly 
through  one  side  at  frequent  intervals  on  the  portion  of  the  rail  to 
be  cur\'ed.  They  can  then  be  l)ent  and  fastened  in  position  on  the 
ties.  A  curved  strajhiron  facing  is  finally  laid  and  spiked  upon  the 
"turn."  Tn  1898  the  Consolidation  Coal  Company  alone  had  75 
miles  of  track  in  operation  in  its  various  mines. 

Ventilation, — At  many  places  through  the  Georges  Creek  valley 
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we  can  see  old  brick  furnace  stacks,  which  were  once  used  for  ventil- 
ating the  mines.  Now  they  are  mainly  monuments  to  the  obsolete 
system  of  ventilation  which  has  given  place  to  more  eflfective  methods. 
Though  wooden  stacks  are  still  used  at  some  of  the  smaller  mines, 
most  of  the  larger  mines  are  now  provided  with  fans  or  centrifugal 
ventilators,  the  largest  being  25  feet  in  diameter  and  capable  of 
supplying  200,000  cubic  feet  of  air  a  minute,  with  a  velocity  at  the 
inlet  of  25  feet  per  second,  2  feet  5  inches  of  water  gauge,  and  75 
revolutions  per  minute.  The  fans  are  used  in  most  cases  as  depres- 
sive ventilators,  that  is,  the  air  is  exhausted  by  them.  A  partial 
vacuum  is  thus  created  in  the  mine  and  fresh  air  flows  in  throuffh 
the  intake  air-ways.  Many  of  the  mines,  however,  particularly  those 
situated  on  the  borders  of  the  basin,  have  only  natural  ventilation. 
The  dip  of  inclination  of  the  coal  bed  increases  rapidly  from  the 
axis  toward  the  edges  of  the  basin,  and  the  diflference  of  level  of  the 
upper  and  lower  outcrops  of  the  coal  is  there  great  enough  to  produce 
a  very  effective  natural  draught. 

The  temperature  of  the  air  in  the  working  places  of  a  mine  is 
usually  about  60°  Fahrenheit,  both  summer  and  winter.  With  nat- 
ural ventilation  when  the  temperature  outside  is  60°  there  is  little  or 
no  current  passing  into  the  mine.  In  summer,  when  the  temperature 
of  the  air  outside  is  higher  than  that  within  the  mine,  the  direction  of 
the  air  current  is  downward,  because  the  cooler  air  within  the  mine 
being  heavier  than  that  outside  the  former  falls  and  the  warmer  air 
from  without  rushes  in  from  above  to  take  its  place,  in  its  turn  to  be 
cooled  down  to  the  temperature  of  the  mine,  and  in  its  turn  to  flow 
downward  and  out  of  the  mine.  In  winter  time  the  conditions  are 
reversed,  the  air  within  the  mine,  being  then  wanner,  is  lighter  and 
rises,  the  colder  air  from  outside  takes  its  place  through  the  lower 
openings  of  the  mine,  and  the  current  therefore  flows  upwards.  Only 
at  the  times  when  the  temperature  of  the  air  in  the  mine  and  its 
temperature  outside  are  the  same  does  the  ventilation  of  mines  nat- 
urally ventilated  become  impaired.  These  conditions  of  equal  tem- 
perature seldom  occur  and  do  not  last  long  enough  at  a  time  to  ser- 
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ioiisly  inconvenience  the  working  of  the  mines.  Spring  and  fall 
and  just  after  sunrise  and  sunset  are  the  seasons  of  the  year  and 
hours  of  the  day  when  natural  ventilation  is  the  least  effective. 

In  nearly  all  of  the  larger  mines  of  the  region,  whether  ventilated 
by  fans  or  by  natural  means,  the  air  currents  are  distributed  into  the 
working  places  where  they  are  needed,  and  the  amount  given  each 
heading  and  series  of  rooms  and  pillars  is  controlled  by  overcasts, 
doors,  brattices,  and  regulators.  A  separate  current  or  "  split  "  of  air 
is  given,  where  it  is  possible,  to  each  side  heading  and  its  block  of 
rooms  and  pillars.  After  airing  one  section  of  the  mine  each  current 
is  then  led  back  to  the  fan  opening  of  the  mine  through  the  return 
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Fig.  31. — Sketch  showing  Relations  of  Overcast  and  Intake  Airways. 


air-ways.  By  this  arrangement  of  currents  the  air  containing  the 
gases  generated  in  each  set  of  workings,  as  well  as  the  air  vitiated  by 
men,  horses,  and  powder  smoke,  is  drawn  directly  out,  without  pass- 
ing through  other  parts  of  the  mine  in  which  men  are  working. 

In  the  Georges  Creek  region,  owing  to  the  absence  of  fire-damp, 
the  appliances  for  controlling  the  ventilation  are  usually  built  of 
wood.  Overcasts  are  used  where  an  air-way  crosses  another  air-way 
nearly  at  right  angles.  They  are  made  by  cutting  out  the  roof  of 
the  return  air-course  and  carrying  the  air-current  over  the  intake  air- 
way. This  is  accomplished  by  building  an  artificial  plank  roof  over 
the  intake  and  stopping  a  connection  between  the  two  on  the  sides 
by  wooden  brattices  or  doors.  The  size  of  the  overcast,  the  height 
and  the  area  of  its  opening,  depends  upon  the  extent  of  workings  to 
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be  ventilated  through  it.  Brattices  and  doors  of  wood  are  used  t<j 
prevent  the  ingoing  air  from  taking  a  short  cut  to  the  return  air-ways. 
Doors  arc  used  instead  of  brattices  where  cars  or  men  must  pass 
through  them.  By  means  of  doors  and  brattices  the  air-currents  or 
forces  are  directed  into  the  interior  of  the  mine.  Doors  are  con- 
structed to  close  in  the  direction  in  which  the  air-current  travels,  an«l 
are  hung  with  lower  hinge  driven  farther  into  the  ])Ost  that  su])ports 
them  than  the  upper  one,  so  that  they  close  automatically.  Sonic- 
times  cloth,  specially  made  for  the  purpose,  is  used  for  brattices, 
but  brattice  cloth  is  ordinarily  used  only  for  temporary  puri)0ses. 

Regulators  are  constructed  by  cutting  an  opening  in  a  door  or 
brattice  and  fitting  it  with  a  slide,  which  being  more  or  less  o]3eiipd 
or  closed  controls  the  amount  of  air  that  passes  through  and  give^ 
to  each  heading  or  section  of  the  mine  the  amount  of  air  required 
for  it.  In  some  mines  canvas  curtains  are  hung  in  the  air-courses 
to  divert  the  air-currents  and  act  as  regulators.  Wooden  stacks  are 
often  resorted  to,  temporarily,  in  opening  a  mine,  or  are  used  to  ven- 
tilate outcrop  workings  of  limited  extent. 

Gases. — The  ''  Big  Vein  "  is  commonly  said  to  contain  no  fire- 
damp, and  the  exj)erience  of  the  mining  companies  generally  beai^s 
out  this  statement.     This  claim  is  not  strictly  true.     The  amoux^t 
of  fire-damp  given  off  by  the  "  Big  Vein,"  however,  is  so  small  tt\at 
only  once  in  fourteen  years  has  enough  of  it  accumulated  in  one     of 
the  largest  mines  of  the  region  to  be  detected.     This  accumulation 
was  found  in  some  old  workings  which  had  been  bratticed  off  f  ironi 
the  rest  of  the  mine,  where  the  air-current  could  not  reach  and     dis- 
lodge it.     The  amount  of  fire-damp  found  on  this  occasion  and  axider 
these  conditions  was  just  sufficient  to  light  and  bum  and  wa&    not 
enough  to  cause  an  explosion  of  any  consequence.     In  the  sinalJer 
coal  beds,  however,  notably  in  the  one  lying  225  feet  above  the  *"  *  Bis; 
Vein "    (Waynesburg)    at  Lonaconing,  a  considerable  amount     Las 
been  found. 

Although  the  mines  in  the  ^*  Big  Vein  "  are  practically  free  from 
fire-dam]),  large  quantities  of  COo,  or  black-damp,  are  often     met 
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with  in  all  of  the  mines  of  the  region,  particularly  in  those  which 
liave  the  most  "  wast«  "  or  worked-oiit  territory,  adjoining  thcnL 
From  the  surrounding  waste,  especially  at  times  of  a  change  from 
a  high  to  a  low  barometer,  the  black-damp  i)our9  into  the  mine  and 
<?aiiyes  much  inconvenience  and  sometimes  a  stoppage  of  work  if  the 
mine  is  not  provided  with  adequate  ventilation  to  carry  off  the  gas. 
Light. — The  miners  work  by  the  light  of  a  tin  lamp  carried  in 
their  caps.     Safety  lamps  are  not  used  at  all  in  tlie  ''  Big  Vein '"  of 


Pic.  33. — Sketch  ol  Miner's  Lamp  used  In  Oeorgea  Creek  Basin. 

the  Georges  Creek  region.  A  number  of  the  mines  have  electric 
light  i)lants  for  lighting  the  boiler  and  engine  moms  and  under- 
ground pump  rooms,  but  electricity  is  not  used  for  lighting  the  work- 
ing places  of  the  miners. 

Draiiiage.~As  the  "  Big  Vein  "  throughout  the  southern  section 
of  the  region  lies  above  the  water-level  of  Georges  Creek,  the  drainage 
of  the  mines  from  the  middle  to  the  southern  end  of  the  basin  is 
natural  and  inexpensive,  South  of  Ocean  all  of  the  mines  are 
worked  by  drifts,  their  openings  being  located  as  near  as  possible  to 
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the  lowest  point  of  the  outcrop  of  the  coal  bed  in  each  property  oper- 
ated, and  the  entries  driven  to  the  rise  of  the  seam.  A  group  of 
mines  lying  in  the  center  of  the  basin  at  the  middle  of  the  region  is 
drained  by  a  tunnel  which  empties  into  Georges  Creek  at  Midland. 
This  drainage  tunnel  was  driven  by  the  Consolidation  Coal  Company 
through  the  strata  underlying  the  "  Big  Vein,"  tapping  that  coal 
bed  in  the  lowest  workings  of  Ocean  mine  No.  1.  The  tunnel  drains 
a  large  area  of  the  workings  of  Ocean  mines  No.  1,  No.  Y,  and  Xo.  8 
of  the  Consolidation  Coal  Company,  as  well  as  parts  of  mines  No.  1 
and  No.  t  of  the  Georges  Creek  Coal  and  Iron  Company.  Two 
Worthington  duplex  pumps,  with  capacities  of  550  gallons  per  min- 
ute each,  one  Worthington  pump  with  a  capacity  of  200  gallons  per 
minute,  one  Cameron  pump  w^ith  a  capacity  of  700  gallons  per  min- 
ute, and  a  Merrill  displacement  pump  with  a  capacity  of  100  gallons 
per  minute,  are  also  required  to  drain  Ocean  mine  No.  1  of  the  Con- 
solidation Coal  Company.  All  pumps  in  the  mines  of  the  ConsoU- 
dation  Coal  Company  are  operated  by  compressed  air.  The  engines 
compressing  the  air  are  on  the  surface,  and  the  air  is  conveyed  to 
the  pumps  in  the  mine  by  pipes. 

Three  miles  northeast  of  the  drainage  tunnel  at  Midland  the  Con- 
solidation Coal  Company  has  a  shaft  and  pumping  station  for  the 
purpose  of  draining  the  Hoffman  and  Eckhart  mines,  or  Ocean  No.  3, 
and  No.  3^.  At  the  foot  of  this  shaft  are  two  large  pumps  capable  of 
lifting  4000  gallons  of  water  per  minute  to  the  surface,  and  tliree 
other  smaller  pumps  for  delivering  water  into  the  main  sump  of  the 
mine  from  which  the  two  larger  pumps  raise  it  to  the  surface.  The 
Hoffman  mine  has  also  eight  pumps  with  capacities  of  100  gallons 
per  minute  each,  situated  nearer  the  slope  mouth.  The  mines  north 
of  Frostburg  are  naturally  drained. 

The  Consolidation  Coal  Company  is  now  driving  a  drainage  tunnel 
through  the  strata  underlying  the  "  Big  Vein  "  from  a  point  near 
Clarysville.  This  tunnel  will  tap  the  "  Big  Vein  "  at  the  lowest 
point  of  the  workings  of  the  Hoffman  mine  and  will  drain  the  water 
from  all  of  that  company's  mines  in  the  northern  end  of  the  basin 
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into  Braddock  Run.  The  tunnel  when  completed  will  relieve  the 
company  of  the  necessity  of  operating  the  pumjjing  shaft. 

For  draining  local  depressions  or  swamps  which  are  frequently 
found  in  the  mines  of  the  region,  syphons  are  sometimes  used,  espe- 
cially when  only  temporarily  needed,  but  ordinarily  wherever  the 
mine  entrance  is  higher  than  any  part  of  the  interior  of  a  mine  which 
has  no  other  outlet  for  water,  a  pump  is  used.  When  a  pump  is  needed 
to  drain  a  mine  a  '^  sump  "  is  made  by  excavating  the  strata  beneath 
the  coal  bed  at  the  lowest  part  of  the  mine,  so  that  all  the  water  of  the 
mine  drains  into  it.  The  sump  is  usually  made  large  enough  to  act 
as  a  storage  place  for  water  in  case  of  the  stoppage  of  the  pump. 
The  pump  is  placed  as  close  to  the  sump  as  possible  and  is  operated 
by  compressed  air  or  steam  conveyed  to  it  by  pipes  from  a  boiler,  in 
most  cases  located  on  the  surface. 

Method  of  conveying  the  coal  from  the  rninos  to  the  tipples, — The 
outcrop  of  the  coal  at  many  of  the  openings  of  the  mines  in  the  south- 
western end  of  the  basin  is  so  high  abovfe  the  Cumberland  and  Peim- 
sylvania  Railroad  that  long  and  steep  gravity  planes  have  been  built 
to  deliver  the  coal  from  the  mouth  of  the  mines  to  the  tipples  at  tho 
railroad.  The  outside  gravity  planes  are  operated  on  the  same  prin- 
ciple as  those  used  and  described  in  the  inside  workings  of  the  mines. 
Various  patterns  of  wheels  for  operating  these  gravity  planes  are 
found  in  the  region,  the  older  styles  being  of  very  large  diameter  and 
greater  power,  the  newer  ones  of  smaller  diameter  and  consequently 
more  portable  and  convenient  to  erect,  but  the  latter  have  the  serious 
disadvantage  of  wearing  out  the  ropes  sooner.  A  tramway  two  miles 
long  connects  the  openings  of  the  Jackson  mines  of  the  American  Coal 
Company  with  their  tipple  on  the  Georges  Creek  and  Cumberland 
Railroad  siding  at  Lonaconing.  The  mine  cars  are  hauled  from  the 
mines  to  the  tipple  over  this  tramway  by  two  narrow-gauge  locomo- 
tives. At  the  Appleton  mine  of  the  Maryland  Coal  Company  a  small 
locomotive  also  hauls  the  coal  nearly  half  a  mile  over  a  tramway 
from  the  mine  to  the  tipple  on  the  Georges  Creek  and  Cumberland 
Railroad. 


556  REPORT    Oy    THE    COALS    OF    MARVL.\yT> 

be  crmtrolled  while  running  towards  and  away  from  the  tipple. 
From  1^  to  2  per  cent  grades  are  given  the  sidings.  The  railroad 
cars  are  controlled  by  their  brakes  and  by  blocks  of  wood  with  wooden 
handles  which  the  car  runner  wedges  between  the  rail  and  the  wheel 
At  a  weigh  office,  sometimes  called  a  manifest  office,  a  short  distance 
below  the  tipple,  each  railroad  car  is  weighed  after  it  is  loaded. 

Mine  cars. — Mine  cars  are  made  to  hold  from  2  to  2i  tons  of  coal. 
They  are  framed  of  oak,  the  bottoms  are  usually  made  of  l^-inch  oak 
plank  and  the  sides  of  1-inch  oak  boards. 

The  cars  are  generally  constructed  so  that  they  are  wider  at  the 
top  than  at  the  bottom,  the  sides  having  a  flare  or  batter,  so  that  the 
top  of  the  car  projects  as  far  as  the  outside  of  the  wheels.  The  above 
cut  represents  the  car  commonly  seen  in  the  region. 

Each  car  is  provided  with  an  end  gate  which  is  hinged  at  the  top 
and  is  kept  closed  by  an  iron  pin  fitting  into  a  hole  in  the  iron  draw- 
bar of  the  car.  This  pin  must  be  pulled  before  the  car  is  dumped. 
The  car  is  so  placed  to  be  loaded  in  the  rooms  that  the  ends  opposite 
the  end  gate  is  nearest  to  the  "  face  "  of  the  coal,  by  so  placing  the 
car  the  end  with  the  gate  always  comes  out  of  the  mine  facing  the 
tii)f)le.  Each  car  is  also  furnished  with  a  brake  to  control  it  on 
grades.  The  brake  conmionly  used  is  the  old-fashioned  single  one, 
consisting  of  a  3  by  12-inch  block  between  the  wheels  oj)erated  by  a 
le\'er  at  the  side  of  the  car.  This  brake  has  not  sufficient  i:H)wer  to 
c^>ntn)l  the  cars  on  heavy  grades  and  formerly  the  brakenien  had  to 
insert  a  i)icce  of  w(X)d,  called  a  '*  sprag,"  between  the  spokes  of  the 
wheels.  The  8i)rag  caught  against  the  bottom  of  the  ear  as  the  wheel 
revolved  and  stopi)ed  it.  The  loss  of  many  fingers  and  tluuubs 
resulted  from  the  use  of  sprags.  Now  the  double  brake  designed  first 
by  John  T.  Pierce  in  1808,  and  since  much  improved  upon,  i-?  u^o  1 
where  grades  are  heavy.  An  iron  bar  passes  under  the  car  and 
operates,  as  shown  in  the  cut,  a  pair  of  wooden  blocks  between  the 
wheels  on  each  side  of  the  car.  The  brake  lever  or  handle  is  gener- 
ally ])laced  on  the  left  hand  facing  the  end  gate  of  the  car,  so  tint 
the  driver  can  handle  the  brake  with  his  right  hand.     Wooden  lian- 
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dies  are  preferred  by  most  operators,  as  they  have  more  elasticity  than 
iron. 

The  wheels  revolve  on  their  axles  instead  of  with  their  axles,  as 
the  wheels  of  railroad  cars  do.  Mines  having  steep  gravity  planes 
have  a  front  board  bnilt  above  the  gate  ends  to  keep  the  coal  in  place 
when  the  cars  are  run  down  the  planes. 

Irregularities  of  the  "  Big  Vein." 

The  thickness  of  the  *^  Big  Vein,"  as  well  as  that  of  the  smaller 
seams  of  coal  is  variable.  In  the  same  mine  the  coal  bed  is  frequently 
found  both  considerably  thicker  and  thinner  than  its  normal  size. 
It  is  a  general  rule  that  whenever  the  seam  has  an  unusual  thickness 
or  thinness  that  there  is  an  area  nearbv  of  thinner  or  thicker  coal 
respectively,  and  the  average  height  of  the  thickest  and  thinnest  part 
of  the  seam  is  nearly  the  normal  size  of  the  coal  bed. 

Some  inconvenience  in  mining  is  caused  by  the  sudden  changes  in 
the  pitch  of  the  seam  which  sometimes  upset  prearranged  plans  for 
haulage  and  drainage. 

Such  a  change  of  pitch  occurs  in  mine  No.  3  of  the  Georges  Creek 
Coal  and  Iron  Company  near  Lonaconing.  In  the  trough  of  the 
basin  rolls  of  the  coal  l)ed  causing  uneven  grades  are  also  found. 

In  the  works  of  the  I^ckhart  mine,  or  Ocean  Xo.  3^,  is  a  small  knoll 
which  dips  in  all  directions. 

The  area  of  the  Georges  Creek  Coal  basin  is  parallel  to  the  general 
trend  of  the  strata  of  the  Appalachian  region,  and  has  a  course  of 
alx)ut  X.  35^  E.  The  axis  also  generally  inclines  gently  towards 
the  northeast.  The  effect  of  the  inclination  of  the  axis  is  to  produce 
a  slightly  different  line  of  strike  or  water-level  line  of  the  coal  beds 
on  either  side  of  the  basin.  These  lines  of  strike  generally  diverge 
slightly  from  each  other  towards  the  northeast  but  are  not  uniform 
over  any  large  extent  of  territory,  and  the  differences  are  usually  too 
slight  to  be  noticeable.  The  northern  inclination  of  the  axis  of  the 
basin  produces  a  fall  of  forty  feet  from  the  lowest  point  of  the  "  Big 
Vein  "  at  Midland  to  its  lowest  point  near  the  foot  of  the  Consolida- 
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.1        .11       •lupaiiy'';   pumping  shaft,   a   distance   of    three   miles. 

■■"•-'I    :ie??e   WM  points,  however,  there  is  an  antielrinal  ridge  which 

--.*     i»r    i-\i?  «'t  the  basin  and  prevents  the  pumping  shaft  from 

■::.i::  iL    'le   Workings  of  Ocean   Xo.   1.     Faults,  clay  veins,  ami 

i*^--Ui"Ks  '*  are  rarely  fotuid  in  the  "  Big  Vein  "  mines  of  the 

'inme   r)!ane;s. — The  planes  of  cleavage  of  the  bituminous  coal 
'••4^  v::t.wri  as  the  "  butts  "  and  *'  faces ''  are  either  not  found  at  all 
■iiiv    lajjerfectly  develojx^d  in  the  "  Big  Vein  "  of  Georges  Creek. 
■*Ni-  '':»per  Sewickley  coal  bed  lying  about  110  feet  above  the  "  Wis:, 
'  iM   "  in  ilu»  central  part  of  the  region,  however,  has  this  cleavage 
trii    ievt'loj)ed.  and  owing  to  its  resemblance  in  that  respect  to  the 
uittiiinous  coals  it  received  the  name  of  the  "  Gas  Coal  Vein  "  in  the 
;ir-v  M'sirs  of  coal  niining  in  the  Georges  Creek  valley.     Tliis  cleav- 
•  ;ir,    vliich  produces  the  cubical  fracture  of  the  gas  coals,  however,  is 
■te    -11 1 V   {Hunt  of  resemblance  that  the  Upper  Sewickley  coal  l)ed 
•ear^  'V  :ho  bituminous  gas-coal  seams.     Some  portions  of  some  of 
:k'    ■•  al  beds  have  the  cleavage  wliile  in  other  benches  of  the  same 
<tiaai<  't  d«^es  not  ap|)ear.     The  lower  bench  of  the  "  Dirty  Nine-footi 
\  iMu/*  t»r  Franklin  seam,  in  the  Union  Alining  Company's  mine  nea" 
■Ml  »«'iu  has  no  noticeable  cubical  fracture,  in  that  respect  resemblirv 
iu-  ■•  Hig  Vein.*'     Xear  the  top  of  the  seam,  however,  a  thin  lay^ 

■oai    i<   ft»und,  which  has  the  cubical   fracture  well   develo|>o^|^ 
■itus  s{i'»>tiirlv  resembling  the  coal  of  the  Upper  Sewickley  or  Tvs=^,^^^ 

Small  Veins. 

^>n!\  within  the  last  three  or  four  years  has  the  development  ^.f 
iu-  Miuulor  oml  seams  of  the  region  received  much  attention,  £*^)r 
x'uiv  wittiiu  the  last  few  vears  have  the  conditions  of  labor  and  t  3ie 
oti.r  s»i'  ilie  ks»al  uuirket  allow^ed  the  operator  to  mine  them  at  a  proir^t. 
!'>%'i»a:*l\  no  greater  drawback  to  their  earlier  development  has  exists  *?(i 
•liaj*  il»c  inability  of  the  operator  to  find  men  to  work  them  at  a  pri  <?e 
»^-;    oM  iliai  would  offset  the  freight  diiTerential  that  the  railroad  coiw- 
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panies  have  arbitrarily  placed  upon  them  for  shipment  to  the  sea- 
board. The  coal  of  some  of  the  smaller  seams  is  usually  of  excel- 
lent  qualityand  if  properly  operated  is  but  slightly  if  at  all  inferior 
to  the  coal  of  the  "  Big  Vein."  All  through  the  region  from  one  end 
to  the  other  the  small  seams  are  now  being  worked.  The  Consolida- 
tion Coal  Company  now  has  three  mines  in  the  Tyson  or  Upper 
Scwickley  seam  from  which  fuel  is  supplied  to  the  engines  of  the 
Cumberland  and  Pennsylvania  Railroad  or  to  the  boilers  of  their 
"  Big  Vein  "  plants.  The  Georges  Creek  Coal  and  Iron  Company 
has  just  completed  a  washing  plant  to  wash  the  slack  from  its  small 
vein  mines  by  which  a  smithing  coal  of  excellent  quality  is  obtained, 
while  the  Union,  American,  Xew  Central,  and  Cumberland  Basin 
mines,  operated  at  the  southern  end  of  the  basin,  are  mining  them 
extensively. 

The  coal  beds  other  tlian  the  '*  Big  Vein  "  worked  are  the  "  Six- 
foot  "  or  Lower  Kittanning,  the  Upper  Freeport,  the  '"  Four-foot '' 
or  Bakerstown,  the  Franklin  or  *'  Dirty  Xine-foot,''  and  the  Tyson, 
corresponding  to  the  Upper  Sewickley  coal  bed  of  Pennsylvania. 
Besides  these  the  Brookville  or  Bluebangh  and  Clarion  or  Parker 
steams  lying  below  the  "  Six-foot ''  vein  are  mined  tit  Barrellville, 
while  the  Waynesburg,  100  feet  above  the  Tyson,  is  operated  by  the 
American  Coal  Company  just  south  of  Lonaconing.  As  far  as  the 
experience  of  operators  in  the  region  has  gone,  the  "  Six-foot "  and 
Tyson  seams  are  found  to  be  subject  to  more  or  less  irregularity  of 
thickness  and  some  "  horse-backs."'  The  Tyson  coal  bed  is  a  split 
seam,  the  two  benches  of  which  are  separated  in  the  middle  of  the 
region,  by  about  18  feet  of  rock,  mainly  limestone. 

Miners  are  paid  by  the  ton  of  2240  pounds.  The  present  rates  of 
the  region  are  60  cents  for  digging  and  loading  the  coal  in  rooms  and 
70  cents  for  heading  drivers.  All  other  labor  connected  with  the 
mining  of  the  coal  is  paid  by  the  day. .  Miners  are  paid  twice  a 
month.  The  operators  have  no  company  stores  in  the  State  of  Mary- 
land and  the  men  buy  provisions  where  they  ])]ease.  ilany  of  the 
larger  companies  own  houses  which   they  rent  to  their  employees. 
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oal  Company. 
Coal  Company, 
np  Company. 

nty  Conl  and  Mining  Company. 
Davis  (.Vial  and  Coke  Company. 

Tin:    COXSOI.IDATIOIU    COAL    COMPANY. 

Tho  ConHolidwrion  Coai  Company  operates  the  following  mines  in 
tlie  Georges  Crcik  region :  Ofrcan  No.  1  at  Oceaii,  Ocean  No.  2  at 
Frostbnrg,  Ooeiin  Xo.  :i  at  Hoffman,  Ocean  No.  3^  at  Eckbart,  Ocean 
No.  7  at  Lord,  O^ean  No.  IS  iit  ilidland,  yrost  mine  just  nortli  of 
Frostlmrg,  two  mines  in  the  I'pjter  Sewickley  seam  near  Fro3tburg, 
and  a  mine  in  tlie  I'jiper  Sewickley  at  J^rd  or  Ocean  So.  7.  These 
mines  extend  from  tlie  nortlicrn  em!  of  the  town  of  Froatbnrg  to 
ilidland,  and  occii]i_v  the  greater  jiart  of  the  northern  half  of  the 
Georges  Creek  coal  hasin. 

Ocean  Xu.  1. — The  plant  and  opening  of  Ocean  mine  No,  1  of 
the  (Vmsididation  Coal  Company  at  Ocean  Station  on  the  Oinnber- 
land  and  IVnnsylvania  Railntad,  lie  a  mile  to  the  cast  of  the  center 
of  the  coal  basin.  The  mine  is  entered  by  a  slope  and  the  coal  from 
a  large  area  of  "  Big  Vein  "  lying  in  the  center  of  the  basin  is 
bronglit  f(i  the  sni-facc  tJiroiigli  this  o]iening.  The  average  thickness 
of  eoal  of  this  mine  is  abont  nine  feet.  The  workings  extend  to  the 
northeast  nearly  to  the  workings  of  the  old  JJorden  shaft.  They  join 
Oeean  No.  7  to  the  west,  the  Georges  Creek  Coai  and  Iron  Com- 
pany's mines  No.  1  anil  No.  4  on  the  south,  and  0(«an  No.  8  on  the 
southeast  and  east. 

About  *iOO  men  were  employed  and  35  mules  used  in  the  undei"- 
gronml  "iKrations  of  this  mine  in  1!)03,  the  maximnm  daily  output 
of  the  mine  for  thai  year  being  abont  2000  tons.  The  loaded  mine 
ears  in  "  trips  "  of  i1  cars  are  hauled  np  a  single-track  incline  to  the 
surface  and  hinded  dose  to  the  tipple  by  an  18  x  36-inch  doulile 
t^yliuder  geared  engine  which  oi>erates  two  drums  3x8  feet     One 
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of  these  driima  winds  a.  haulage  rope  1^  inch  in  diameter  which  piilla 
the  "  trip  "  up  the  incline.  A  full  day's  work  at  Ocean  "So.  1  con- 
sists of  31  "  trips  "  of  27  cars  each.  The  other  drutn  winds  a  tail- 
rope  J  inch  in  diameter  which  is  attached  to  the  end  of  the  '"  trip  " 
(or  train)  of  cars  nearest  the  mine.  The  grade  of  the  inclined  plane 
at  the  mouth  of  the  mine  is  12  feet  in  100  feet  and  is  steep  enouffli 
close  to  the  entrance  of  the  mine  for  the  empty  "  trip  "  going  in  ro 


Fio.  36 —Sketch  at  Track  Arrangement  at  Ocean  No.  1,  Consolidation  Coal 
Companr. 

pull  the  hanloge  rope  with  it.  As  the  inclined  plane  approaches  ihe 
center  of  the  coal  basin  the  grades  become  less  and  finally  are  not 
sufficient  for  the  mine  oars  to  run  by  gravity  so  tliat  a  tnil-rope  is 
reqtiii-ed  to  return  the  empty  cnrs  to  the  point  in  the  main  heading 
wlience  they  are  taken  by  a  compressed-air  locomotive  ^^■eighiHg 
30,000  pounds  and  distributed  to  the  side  entries.  This  locomotive 
is  supplied  with  compressed  air  by  a  duplex  three-stage  Corliss  om- 
pressor  situated  on  the  surface.     The  compressed  air  at  a  pressure 
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of  850  pounds  per  square  inch  is  forced  into  the  mine  through  pipes 
and  the  locomotive  is  charged  from  this  pipe-line.  One  Ingersoll- 
Sergeant,  one  Sullivan,  and  two  Harrison  coal-mining  machines  were 
working  in  this  mine  in  1901,  the  power  used  to  operate  them  being 
compressed  air,  which  is  supplied  through  pipes  at  a  pressure  of 
about  100  pounds  to  tlie  square  inch  by  a  duplex  Corliss  air  com- 
pressor 16  X  18^  X  36  inches  stationed  in  the  main  power  house  on 
the  surface.  This  air  compressor  also  furnishes  power  to  work  two 
duplex  Worthing  pumps  (12  x  14  x  10  inches),  one  Cameron  pump 
12x7x13  inches,  and  one  duplex  Jeanville  pump  14  x  14  x  36 
inches,  all  located  within  the  mine.  The  plant  includes  a  reserve 
straight  line  compressor  12  x  16i  x  36  inches  for  emergencies. 

The  ventilation  of  this  mine  as  well  as  that  of  Ocean  No.  8  is 
accomplished  by  two  direct-connected  Guibal  fans  with  spiral  casings. 
The  larger  of  these  fans  has  a  diameter  of  25  feet,  the  smaller  15 
feet.  A  battery  of  eight  return-tubular  boilers  (five  of  which  are 
60  inches  in  diameter  and  16  feet  long)  supplies  steam  at  a  pressure 
of  100  pounds  to  the  square  inch  to  the  tail-rope  engine,  the  air  com- 
pressor which  charges  the  mine  locomotive,  the  air  compressor  which 
supplies  air  to  the  pumps  and  mining  machinery,  and  the  two  fans. 

The  coal  is  worked  in  this  mine,  as  in  nearly  all  of  the  mines  of 
the  Consolidation  Coal  Company,  by  the  room  and  pillar  system.  A 
pillar  of  coal  50  feet  thick  is  usually  left  between  the  parallel  entries 
and  the  rooms  are  driven  12  to  14  feet  wide,  the  point  lines  of  the 
rooms  being  usually  55  feet  apart  so  that  a  pillar  of  coal  about  40 
feet  thick  supports  the  rooms  until  the  pillars  are  drawn.  The 
length  of  rooms  or  the  distance  between  each  set  of  parallel  side  en- 
tries is  usually  about  500  feet.  The  mine  cars  used  at  Ocean  Xo.  1 
as  well  as  Ocean  Xo.  7  have  a  capacity  of  5400  pounds  of  coal  and 
weigh  1600  pounds  when  empty.  The  gauge  of  mine  car  track  is  3 
feet.  The  mine  is  mainly  drained  by  the  water  tunnel  which  empties 
into  Georges  Creek  three-fourths  of  a  mile  below  the  mouth  of  Ocean 
Xo.  1  and  close  to  the  entrance  to  the  drift  of  Ocean  No.  8. 
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Ocean  No.  2  of  the  Consolidation  Coal  Coni])any  is  a  drift  on  the 
western  outcrops  of  the  '*  Big  Vein  "  and  on  the  western  edge  of  the 
town  of  Frostburg.  The  mine  has  no  railroad  connections  and  the 
coal  is  loaded  into  wagons  for  use  as  local  domestic  coal. 

The  capacity  of  the  mine  is  60  tons  as  a  maximum.  Ten  men 
are  employed,  and  three  mules  do  the  haulage  of  the  mine.  The 
coal  is  mined  by  pick-work  exclusively.  The  ventilation  is  natural 
and  the  mine  is  drained  by  the  other  workings  of  the  Consolidation 
Company  that  lie  below  it  in  the  center  of  the  basin.  The  gauge  of 
mine  car  tracks  is  3  feet  and  the  cars  weigh  1200  ])ounds  empty  and 
are  loaded  to  contain  a  ton  of  coal. 

Oceati  No,  S,  known  also  as  the  Hoffman  mine  of  the  Consolida- 
tion Coal  (V)mpany,  has  its  tipple  on  the  end  of  the  Eckhart  branch 
of  the  Cumberland  and  Pennsylvania  Railroad,  a  mile  south  of  the 
Eckhart  mine  and  like  the  latter  is  a  slojx-  on  the  eastern  outcrop  of 
the  '*  Big  Vein.-'      Four  hundred  and  sixty  men  and  23  mules  were 
used  in  the  operation  of  this  mine  in  11>01  and  the  maxinuuu  dailv 
output  was  1500  tons  of  coal.     A  duplex  stationary  engine  geared 
to  a  drum  6  feet  in  diameter  winds  a  wire  rope,  which  pulls  the 
loaded  mine  cars  up  the  slot)e  and  lands  them  on  the  surface.    The 
empty  cars  return  into  the  mine  by  gravity,  pulling  the  rojM?  in  with 
them  to  the  foot  of  the  sloj)e.     Two  compressed-air  motors  weighing 
30,000  pounds  each,  bring  the  loaded  cars  to  the  foot  of  the  slo|)C 
and  distribute  the  empties  into  the  headings.     Eleven  compressed- 
air  motors  weighing  1000  poimds  gather  the  cars  in  the  riwms.    The 
motors  are  sui)plied  with  air  from  the  high-pressure  compressor  lo- 
cated at  the  Pumping  Shaft.     Eight  ])umps  with  an  average  oapaciiy 
of  100  gallons  ])er  minute  drain  the  mine  and  a  direet-conneeted 
Guibal  fan  20  feet  in  diameter  constructed  for  either  compressed 
or  exhaustive  ventilation  furnishes  it  with  air.     Four  returu-tiibnl^^ 
boilers  10  feet  long  and  00  inches  in  diameter  supply  steam  to  the 
fan  pumps  and  stationary  engine. 

The  usual  pillar  and  room  system  is  employed  in  this  mine  for 
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working  the  coal.  Rooms  are  driven  12  to  14  feet  wide.  In  the 
newer  working  of  the  mine  the  centers  of  the  rooms  are  iisnally  100 
feet  apart,  and  300  to  400  feet  is  left  between  each  pair  of  parallel 
headings.  In  the  older  Avorking*s  the  rooms  were  driven  with  35 
feet  between  centers  and  the  intervals  between  headings  were  greater. 
The  coal  is  0  feet  thick  and  is  mined  exclusively  by  pick-work.  The 
mine  cars  are  loaded  to  contain  5400  pounds  of  coal  and  weigh  1600 
pounds  when  emj)ty.  The  gauge  of  tracks  is  3  feet.  The  tipple 
consists  of  a  balance  cradle,  the  framework  supporting  it  being  of 
wood.  A  short  tramway  connects  the  mouth  of  the  slope  with  the 
tipple. 

Ocean  No,  3^. — At  Eckhart,  1^  miles  east  of  Frostburg,  the  Con- 
solidation Coal  Company  o])erate  their  Ocean  mine  }so.  3^,  a  slope 
on  the  eastern  outcrop  of  the  ''  Big  Vein."  Ninety  men  are  em- 
ployed, three  mules  are  used,  and  the  daily  outjuit  of  the  mine  is 
250  tons.  A  14  x  30-inch  double  cylinder  geared  engine  with  a 
drum  ()  feet  in  diameter  and  3  feet  wide  jmlls  the  loaded  mine  cars 
up  an  incline  to  the  surface  and  drops  the  empty  cars  back  into  tho 
mine.  A  tram  road  connects  the  o])ening  of  the  mine  with  the  tipple 
on  the  Eckhart  l)ranch  of  the  Cumberland  and  Ponnsvlvania  Kail- 
road.  The  mine  is  supplied  with  air  by  a  Guibal  fan  10  feet  in 
diameter  with  l)elt  connection,  constructed  for  either  exhaustive  or 
com])ressive  ventilation.  The  haulage  engine  and  fan  are  supplied 
with  steam  bv  two  return-tubular  boilers  15  feet  lone:  and  54  inches 
in  diameter.  Xo  coal-mining  machinery  is  used.  The  mine  Is 
drained  by  the  pum])s  at  the  Pumping  Shaft  two  miles  southwest  of 
the  opening  of  the  shaft.  The  workings  of  the  Eckhart  and  the 
nr)flFman  mines  join  and  frequently  rooms  are  driven  and  the  coal 
brought  to  the  surface  up  the  IIoflFman  slope  while  the  coal  from  tho 
pillars  between  the  same  rooms  is  shi])i)ed  from  the  Eckliart  tip])le. 

Ocean  No.  7. — Ocean  mine  Xo.  7  of  the  Consolidation  Coal  Com- 
pany is  situated  at  the  head  of  AVoodlan<l  liun  on  a  branch  of  the 
Cuml)erland  and  Pennsvlvania  Railroad  about  halfwav  between 
Frostburg  and   l^onaconing  and  a  mile  west  of  the  center  of  the 
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Georges  Creek  coal  basiu.  The  coal  operated  is  the  ''  Big  Vein,"' 
which  in  this  mine  is  about  9  feet  thick.  In  1902  about  750  meu 
were  employed  at  this  mine  and  37  mules  were  used  in  the  inside 
work.  Three  tliousand  eight  hundred  and  eighty  long  tons  of  coal 
have  been  loaded  at  this  mine  in  one  day,  over  one  tipple.  The  co»l 
is  mined  from  each  side  of  the  narrow  valley  or  ravine  in  which  the 
tipple  and  tracks  are  located.  On  the  northwest  side  of  the  valley 
the  coal  is  mined  to  the  rise,  a  steam  locomotive  weighinp  14.000 


Fiii.  ST. — Sketch  Hhowing  Track  Arrangement,  Ocean  No.  7,  ConsolidaiiooCoal 
Company. 

pounds  pushing  the  empty  cars  1400  feet  into  the  mine  tiiruiiglions 
entry  and  the  loaded  coal  cars  rnnning  out  to  the  tipple  throiigb  an- 
other entry  by  gravity.  The  "  Big  Vein  "  coal  that  lies  bewefu 
these  openings  and  the  outcrop  of  the  western  edge  of  the  wz\  bfli'in 
is  brouglit  to  the  surface  through  these  drifts.  The  main  ojiening'^i 
this  plant,  however,  is  on  the  southwest  side  of  the  ravine  and  tlirong" 
it  a  large  area  of  coal  that  lies  to  the  dip  is  brought  to  the  tippl**- 
Thi^  main  opening  is  made  secure  by  a  substantial  brick  arch™ 
sufficient  diameter  for  two  mine  car  tracks  to  enter.     A  short  dis- 
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tanc6  inside  of  the  mine  the  two  tracks  diverge,  one  passing  under  the 
other,  descending  in  two  directions  to  the  south  and  southeast  toward 
the  workings  of  Ocean  No.  1  and  the  center  of  the  coal  basin.  The 
loaded  cars  are  pulled  in  "  trips ''  of  28  or  30  cars  up  the  least  steep 
of  these  slopes  or  inside  incline  planes  and  landed  just  outside  of  the 
mouth  of  the  mine,  by  an  engine  located  on  the  surface  operating  a 
double  drum  and  winding  a  1^-inch  pulling  rope.  From  the  mouth 
of  the  mine  the  loaded  cars  run  by  gravity  to  the  tipples.  From  the 
tipples  the  empty  mine  cars  return  towards  the  mine  by  gravity  as 
far  as  they  wnll  run  and  then  are  taken  in  **  trips  "  of  28  to  30  cars 
by  a  locomotive  weighing  30,000  pounds  up  the  grade  to  the  mouth 
of  the  mine  where  a  ^-inch  tail-rope  is  attached  and  the  "  trip  "  of 
cars  is  pulled  into  the  mine  and  the  cars  hauled  to  the  various  head- 
ings, whence  they  are  taken  by  the  drivers  with  mules  and  distributed 
to  the  rooms.  The  loaded  mine  cars  are  brought  up  the  steeper  of 
the  two  inside  slopes  in  "  trips/'  of  17  or  18  cars  and  landed  on  the 
surface  by  another  stationary  engine  operating  a  drum  and  winding 
a  1^-inch  rope.  These  loads  are  then  hauled  by  the  locomotive  to  a 
point  where  they  will  run  by  gravity  to  the  tipples.  From  the  tipples 
they  are  returned  to  the  mines  in  the  same  manner  as  the  cars  from 
the  other  slope.  The  grade  of  the  steeper  inside  slope  is  sufficiently 
heavy  for  the  empty  cars  going  down  the  slope  to  take  the  pulling 
rope  in  with  them  and  a  tail-rope  is  therefore  unnecessary. 

For  ventilating  the  workings  of  Ocean  Xo.  7  two  direct-connected 
fans  of  the  Guibal  pattern  with  spiral  casings  arc  used,  one  having 
a  diameter  of  12  feet  and  the  other  25  feet.     They  are  constructed 
so  that  they  can  be  used  for  either  exhaustive  or  compressive  ventila- 
tion.    Steam  is  supplied  to  the  stationary  engines  and  fans  by  six 
return-tubular  boilers,  three  of  which  are  50  inches  in  diameter  and 
14  feet  long  and  three  are  60  inches  in  diameter  and  16  feet  long. 
The  mine  is  mainly  self-draining  through  the  Avater-level  drainage 
tunnel  that  runs  through  the  center  of  the  coal  basin  and  empties 
into  Georges  Creek  below  the  mouth  of  Ocean  Xo.  8  at  Midland. 
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One  iniinp  only  ia  used,  having  a  capacity  of  150  gallons  of  water 
per  minute. 

The  coal  from  Ocean  No.  7  is  dumped  into  the  railroad  care  on 
tlie  branch  of  the  Cimiberland  and  Pennsylvania  Railroad  over  two 


Fto.  38.— Sketch  showing  Main  Tipple.  Ocean  No.  7,  ConBolldatlon  Co*l 
Company. 

tipple:^,  in  addition  to  which  the  plant  has  a  tipple  for  supplving 
locomotives  with  fuel  as  well  as  a  tipi»le  and  chute  for  loading  wagons 
with  coal  for  local  domestic  use.  The  main  tipple  is  constructed  to 
screen  the  coal  and  load  the  lump  and  nut  coal  into  two  hos  fan  at 
once,  and  the  slack  at  the  same  time  into  a  gondola  or  flat  railroad 
ear  standing  on  a  third  track  imder  the  tipple. 
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The  chute  of  this  tip])le  is  also  furnished  with  folding  steel  iron 
flaps  or  doors  which  shut  down  and  cover  the  screen  when  run  of  mine 
coal  is  to  be  loaded.  When  the  screens  are  covered  run  of  mine  coal 
can  be  loaded  into  cars  on  either  of  the  outside  railroad  tracks  sho\\Ti 
in  the  sketch  but  not  onto  cars  on  the  middle  track.  The  loaded  mine 
cars  are  dumped  at  this  tipple  by  means  of  a  piston  rod  working  in  a 
cylinder  operated  by  compressed  air.  To  the  end  of  the  piston  rod 
two  chains  are  attiiched  which  pass  over  two  pulleys  or  small  sheaves 
and  are  fastened  to  each  side  of  the  hind  end  of  the  tipple.  By  this 
appliance  the  cars  are  raised  and  dumped  onto  the  screen. 


Pig.  39. — Sketch  showing  Rocker  for  Dumping  Coal  used  by  Consolidation  Coal 

Company. 

The  three  other  tipples  of  this  plant  are  of  the  rocker  pattern, 
designed  by  Mr.  B.  S.  Randolph,  which  is  very  sim])le  in  construction 
and  effective  in  its  action.  The  T-rails  are  bolted  to  two  flat  strap 
iron  "  rockers."  As  the  car  is  run  onto  the  tipple  and  strikes  the 
horns,  its  momentum  tips  the  rcK'kers  towards  the  chutes.  The  end 
gate  of  the  mine  car  being  latched  by  a  lever  projecting  beyond  the 
side  of  the  car,  the  lever  strikes  an  iron  loop  bolted  to  the  side  of  the 
tipple.  The  end  gate  is  unlatched  and  opens,  allowing  the  coal  to  fall 
into  the  chute.  The  rocker  is  kept  in  place  by  iron  pins  in  the  frame, 
work  underneath  the  rockers  which  fit  into  slots  or  notches  in  the 
rocker.     The  chute  over  which  the  run  of  mine  coal  is  mainlv  loaded 
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is  sprinkled  with  water  from  a  pipe  above  to  induce  the  coal  to  slide 
in  it  more  freely. 

The  coal  in  Ocean  No.  7  is  mined  both  by  pick  and  by  coal-mining 
machines.  Six  machines  were  in  use  in  this  mine  during  the  past 
year,  all  of  them  being  the  "  puncher  ^'  type,  one  Harrison  and  five 
Tngersoll-Sergeant  mining  machines.     Mine  cars  are  of  the  pattern 


I'mrJ^  Otrt   run,  Ify  Crmv%.tj^  ^rtuv^- 


a.    R  'f  St^-^ 


Fio.  40. — Sketch  of  Track  Arrangement,  Ocean  No.  8,  Consolidation  Coal 

Company. 


common  to  the  Consolidation  Coal  Company,  and  the  gauge  of  the 
mine  tracks,  as  of  all  the  plants  of  this  company,  is  three  feet.  The 
rooms  are  usually  driven  in  Ocean  No.  7  with  centers  65  feet  apart 

Ocean  No,  iS  of  the  Consolidation  Coal  Company  has  its  tipple  on 
a  siding  of  the  Cumberland  and  Pennsylvania  Railroad  on  the  west 
side  of  Georges  Creek  close  to  Midland  station,  the  workings  of  this 
mine  adjoining  those  of  Ocean  No.  1  and  No.  4  of  the  (Jeorges  Creek 
Coal  and  Iron  Company.     The  mouth  of  this  mine  is  about  three- 

• 

fourths  of  a  mile  east  of  the  middle  of  the  coal  basin  and  the  main 
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heading,  driven  southwest  nearly  on  the  strike  of  the  coal,  takes  out 
the  coal  that  lies  to  the  rise  toward  the  east  between  it  and  the  out- 
crop line  formed  by  the  erosion  of  the  waters  of  Georges  Creek.  An 
area  of  coal  adjoining  this  mine  also  on  the  east  was  formerly  oper- 
ated at  this  point  by  the  Big  Vein  Coal  Company.  The  present  mine 
was  opened  and  operated  by  the  Consolidation  Coal  Company  in 
May,  1902 ;  in  December  of  that  year  the  daily  capacity  was  250  tons 
of  coal.  Fifty-three  miners  and  twelve  outside  employees  were  en- 
gaged in  mining  and  shipping  this  coal.  A  four-ton  compressed-air 
motor  is  used  to  bring  the  coal  from  the  interior  of  the  mine  to  the 
tipple  and  the  same  motor  is  used  to  return  the  empty  cars  into  the 
mine.  The  motor  is  supplied  with  air  from  the  high-pressure  com- 
pressor or  locomotive  charger  stationed  at  the  plant  of  Ocean  No.  1. 
The  mine  is  also  ventilated  by  the  fans  of  Ocean  No.  1  and  most  of 
the  water  generated  in  the  mine  flows  out  through  the  workings  of 
Ocean  No.  1  into  the  main  drainage  tunnel  which  has  its  outlet  to 
Georges  Creek  almost  immediately  underneath  the  entrance  to  the 
mine.  The  drainage  tunnel  was  driven  from  Georges  Creek  at  Mid- 
land about  700  feet  through  rock  to  tap  and  drain  the  "  Big  Vein  " 
at  the  bottom  of  the  coal  basin.  From  the  point  where  the  drainage 
tunnel  taps  the  "  Big  Vein  "  a  water-level  heading  was  driven  through 
the  basin  and  this  heading  now  drains  the  Georges  Creek  Coal  and 
Iron  Company's  mine  No.  1  as  well  as  Ocean  Nos.  7  and  8  and  the 
upper  workings  of  Ocean  No.  1. 

Frost  mine. — On  the  west  side  of  the  Cumberland  and  Pennsylva- 
nia Railroad  at  the  head  of  the  valley  formed  by  Jennings  Run  and 
directly  opposite  Union  mine  No.  1  of  the  Union  Mining  Company, 
is  the  Frost  mine  of  the  Consolidation  Coal  Company.  The  tipple 
of  this  mine  is  within  a  few  hundred  feet  of  the  lower  end  of  the  V 
or  switchback  of  the  Cumberland  and  Pennsylvania  Railroad  and  is 
located  where  the  engines  stop  so  that  they  can  take  on  coal  before 
switching  into  or  from  the  Y.  The  tipple  is  chiefly  constructed  for 
the  purpose  of  coaling  engines.     About  1000  feet  of  tram  road  con- 
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nect  the  mine  with  the  tipple  and  horses  or  mules  are  used  for  haul- 
age. Before  coming  upon  the  tipple  the  mine  cars  enter  a  long  shed 
covered  with  corrugated  iron  and  built  upon  trestle  work.  The 
cars  are  run  into  this  shed  and  held  in  readiness  for  coaling  locomo- 
tives. The  coal  mined  is  the  "  Big  Vein  "  and  is  about  9  feet  thick 
and  the  workings  of  the  mine  are  in  the  direction  of  and  partly  imder 
the  town  of  Frostburg.  Twenty  men  and  three  mules  are  employed 
and  the  daily  capacity  of  the  mine  is  75  tons.  The  ventilation  is 
natural  and  the  mine  is  self-draining.  The  mine  cars  are  of  the 
style  and  capacity  common  to  the  Consolidation  Coal  Company. 

Upper  Sewickley  mines. — At  the  upper  end  of  the  Y  of  the  Cum- 
berland and  Pennsylvania  Kailroad  a  mile  and  a  half  northeast  of 
Frostburg,  the  Consolidation  Coal  Company  has  opened  a  mine  in 
the  Upper  Sewickley  or  Tyson  coal  seam  for  the  purpose  of  coaling 
the  locomotives  of  the  Cumberland  and  Pennsylvania  Railroad. 
Just  south  of  Frostburg  the  company  has  an  opening  in  the  same 
seam  to  supply  fuel  to  the  town,  and  at  Lord  the  boilers  of  the  plant 
of  Ocean  No.  7  are  fired  by  coal  mined  from  an  opening  in  the  Upper 
Sewickley  coal  seam.  The  coal  mined  from  these  mines  in  the  Up- 
per Sewickley  seam  has  proved  very  satisfactory  for  the  purposes  for 
which  it  is  used  but  the  company  has  not  as  yet  put  it  on  the  market 

Pumping  station. — In  addition  to  the  numerous  mines  it  operates 
the  Consolidation  Coal  Company  maintains  a  pumping  station  for 
the  purposes  of  draining  portions  of  the  company's  mines  which  lie 
in  the  bottom  of  the  basin.  The  pumping  shaft  is  located  at  very 
nearly  the  axis  of  the  basin,  a  mile  and  a  half  west  of  the  mouth  of 
Ocean  mine  No.  3  (Hoflfman),  the  lower  workings  of  which  it  drains. 
The  shaft  is  simk  to  the  "  Big  Vein  "  and  is  about  250  feet  deep.  It. 
has  no  railroad  connections  for  shipping  coal,  although  it  is  but  a 
few  hundred  yards  from  the  Cumberland  and  Pennsylvania  Bailroad. 
Only  enough  coal  is  mined  and  housed  at  the  shaft  to  supply  the  boil- 
ers which  operate  the  pumps  and  compressors  located  at  this  plant 

The  coal  from  the  shaft  is  shovelled  from  the  mine  cars  into  the 
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fire-boxes  of  the  6-ton  return-tubular  boilers  16  feet  long  and  60 
inches  in  diameter  with  which  this  plant  is  equipped.  About  forty 
men  are  employed  and  two  mules  are  used  for  haulage  purposes.  The 
equipment  consists  of  a  geared  hoisting  engine.  One  three-stage 
compound  Norwalk  air  compressor,  having  a  capacity  of  500  cubic 
feet  of  air  per  minute,  two  straight-line  compressors  with  capacities 
of  300  cubic  feet  per  minute  each  and  one  duplex  Corliss  air  com- 
pressor with  a  capacity  of  1400  cubic  feet  per  minute.  The  pumps 
installed  at  this  plant  are  one  duplex  compound  condensing  pump 
with  a  capacity  of  2500  gallons  per  minute,  two  duplex  pumps  with 
capacities  of  1100  gallons  per  minute  each,  and  one  Cameron  pump, 
the  capacity  of  which  is  300  gallons  per  minute. 

UNION  MINING  COMPANY  AND  COMPANIES  ASSOCIATED  WITH  IT. 

The  Union  Mining  Company,  the  New  York  Mining  Company,  the 
Barton  and  Georges  Creek  Valley  Coal  Company,  and  the  Potomac 
Coal  Company,  for  all  of  which  the  Black,  Sheridan,  and  Wilson 
Company  are  the  selling  agents,  operate  the  Union  Mine  No.  1,  just 
north  of  Frostburg;  Union  Mine  No.  2,  a  mile  north  of  Frostburg; 
Carlos  Mine  No.  1,  near  Carlos;  Carlos  Mine  No.  2,  near  Carlos; 
and  the  Potomac  mine  near  Barton. 

Union  No,  1, — The  plant  of  Union  mine  No.  1,  operated  by  the 
Union  Mining  Company  under  lease  from  the  Consolidation  Coal 
Company,  is  situated  on  a  siding  of  the  Cumberland  and  Pennsyl- 
vania Railroad  at  the  head  of  the  valley  of  Jennings  Run  and  on  the 
northern  limits  of  the  town  of  Frostburg  and  not  far  from  the  north- 
em  end  of  the  Georges  Creek  coal  basin.  The  coal  worked  is  the 
"  Big  Vein,"  which  in  this  part  of  the  region  is  ordinarily  between 
8  and  9  feet  thick.  In  1902  275  men  were  employed  and  27  horses 
used  for  hauling,  and  the  maximum  daily  output  of  the  mine  was 
1150  tons  of  coal.  The  entrance  to  this  mine  is  a  drift  a  mile  long 
through  the  old  New  Hope  mine.  A  gravity  plane  1200  feet  long 
with  IJ-inch  rope  is  in  operation  in  the  mine,  and  tandem  teams  of 
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horses  transfer  the  mine  cars  from  the  plane  a  mile  inside  of  the 
mine  mouth  to  the  tipples  and  return  the  empty  cars  to  the  plane. 
Two  tipples,  side  by  side,  load  the  coal  into  the  railroad  cars.  One 
of  these  tipples  dumps  the  coal  onto  a  plain  chute  for  shipping  run 
of  mine  coal,  the  other  passes  the  coal  over  a  screen  and  separates  the 
stock  from  the  lump,  loading  the  two  grades  of  coal  into  separate  rail- 
road cars.  Both  tipples  are  of  the  ordinary  T-rail  pattern  with  back- 
balance  weight  attached,  and  at  the  tipple  loading  run-of-mine  a 
To^vnsend  pin-puller  is  used.  The  mine  is  self-draining  and  is  ven- 
tilated by  a  fan  16  feet  in  diameter  having  a  capacity  of  18,000  cubic 
feet  per  minute  and  supplied  by  a  35-horsepower  return-tubular 
boiler.  The  gauge  of  mine  car  tracks  is  4  feet  which  is  the  greatest 
width  of  track  used  in  the  region.  The  mine  cars  weigh  2040  pounds 
empty  and  contain  3^  gross  tons  of  coal  when  loaded.  The  coal  is 
mined  exclusively  by  pick-work. 

Union  No.  2. — On  the  east  side  of  the  Cumberland  and  Pennsyl- 
vania Railroad  and  the  valley  of  Jennings  Rim,  two  miles  northeast 
of  Frostburg,  the  New  York  Mining  Company  operate  their  Union 
mine  No.  2.  In  1902  this  mine  was  capable  of  producing  1400  tons 
of  coal  daily  and  employed  over  400  men.  The  coal  mined  is  the 
"  Big  Vein,"  about  8  feet  thick  \vith  a  slate  band  between  the  two 
benches,  and  is  mined  exclusively  by  pick-work.  The  mine  has  a 
double  drift  opening.  Thirty-five  horses  are  used  for  underground 
haulage  and  the  coal  is  brought  to  the  surface  by  tandem  teams.  The 
tipple,  a  Mitchell  dump,  on  a  siding  or  back  switch  of  the  Cumber- 
land and  Pennsylvania  Railroad  is  close  to  the  mouth  of  the  mine. 
The  drainage  is  natural.  The  mine  is  ventilated  by  two  fans  of  12 
and  16  feet  diameter,  one  supplying  exhaustive  and  the  other  com- 
pressive ventilation.  The  gauge  of  mine  track  is  4  feet.  The  mine 
cars  weigh  2040  pounds  and  are  built  to  contain  3^  tons  of  coal. 

Carlos  Nos,  1  and  2, — At  the  end  of  the  Carlos  branch  of  the 
Cumberland  and  Pennsvlvania  Railroad  a  mile  and  a  half  west  of 
the  axis  of  the  coal  basin  the  Barton  and  Georges  Creek  Valley  Coal 
Company  operates  Carlos  mines  Nos.  1  and  2,  the  entrance  to  which  is 
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a  slope  in  the  "  Big  Vein  "  near  the  western  edge  of  its  outcrop.  In 
1902  the  mines  had  a  maximmn  daily  output  of  1100  tons  of  coal  and 
350  men  were  employed  in  operating  them.  The  coal  is  brought  to  the 
surface  up  a  slope  2400  feet  long  by  a  double  14  x  18-inch  haulage 
engine  winding  a  wire  rope  an  inch  in  diameter  on  a  drum  (54  x  48 
inches).  A  gravity  plane  1200  feet  long  connects  the  mine  with  the 
tipple.  For  underground  haulage  two  gravity  planes  800  and  500 
feet  long  respectively  and  27  horses  are  required.  No  pumps  are 
needed  as  the  mines  are  naturally  drained  and  no  mining  machinery 
is  used.  The  ventilation  is  accomplished  by  two  fans,  which  force 
air  into  the  workings.  The  diameters  of  the  fans  are  16  and  10  feet 
respectively  and  their  combined  capacity  is  3000  cubic  feet  of  air  per 
minute.  The  hoisting  engine  and  fans  are  supplied  with  steam  by 
three  boilers,  two  of  which  are  of  a  locomotive  type  and  have  a  rated 
capacity  of  50  horsepower  each,  and  the  third  is  upright  and  of  20 
horsepower  rated  capacity.  The  gauge  of  mine  car  tracks  is  4  feet 
and  the  mine  cars  weigh  2040  pounds  when  empty  and  hold  3i  tons 
of  coal. 

Potomac  mines. — In  1903  the  Potomac  Coal  Company  opened  a 
drift  mine  in  the  Franklin  or  '*  Dirty  ISTine-foot "  vein  on  the  south 
side  of  the  valley  of  Moores  Kun,  three-fourths  of  a  mile  east  of  Bar- 
ton.    The  mine  is  developed  to  produce  nearly  100  tons  of  coal  per 
day  and  gives  employment  to  about  25  men.     Three  mules  are  used. 
A  short,  steep  gravity  plane  of  three  rails  connects  the  entrance  of 
the  mine  with  its  tipple  on  the  Union  Mining  Company's  (48-inch      ^^ 
gauge)  railroad.     Over  this  tipple  the  small  mine  cars,  holding  about,»af^ 
a  ton  of  coal  when  topped,  are  dumped  into  larger  cars  containin^j^^^^ 
about  three  tons  of  coal.     The  latter  are  run  by  a  small  locomotiv-i^^^ 
to  the  tipple  of  the  Union  Mining  Company's  old  Potomac  and  Ba^^^ 
ton  "  Big  Vein  "  mines,  on  a  siding  of  the  Cumberland  and  Penr:^^- 
sylvania  Railroad,  one-quarter  mile  below  Barton.     The  tipple  is 
old-fashioned  rolling  saddle  that  empties  the  tramway  cars  sidei;^^^^- 
into  the  railroad  cars  by  rolling  the  former  over  on  their  sides.  j 

this  mine  the  bottom  bench  of  the  "  Dirty  Nine-foot  "  seam  is  wocr^jf-^ 
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The  bench  varies  from  22  to  36  inches  in  thickness.  The  mine  is 
opened  by  a  double-entry  system.  The  rooms  are  intended  to  be  14 
feet  wide.  In  entries  holes  for  shooting  down  the  top  are  drilled  in 
a  thin  layer  of  coal  and  the  roof  is  blown  down  to  give  sufficient  head 
room  for  men  and  mules. 

Until  the  present  year  the  Potomac  Coal  Company  operated  a  mine 
in  the  Bakerstown  or  "  Four-foot "  vein  on  the  south  side  of  Moores 
Run  just  west  of  the  mine  just  described.  This  mine  in  1902  em- 
ployed 75  men,  worked  7  mules,  and  had  a  maximum  output  of 
300  tons  of  coal  daily.  At  present  this  mine  is  idle.  A  fan  20 
feet  in  diameter,  used  compressively,  ventilated  the  works  and  an  80- 
horsepower  horizontal  tubular  boiler  supplied  the  power  to  drive  the 
fan.  Small  mine  cars  (1500  pounds  capacity)  were  dumped  over 
the  tipple  of  the  mine  into  the  tram-road  cars  and  transferred  by  the 
locomotive  to  the  Potomac  tipple.  The  mine  lies  just  above  the 
water-level  of  Moores  Run  and  is  naturally  drained.  The  room  and 
pillar  system  of  mining  is  used.  The  rooms  are  15  to  20  feet  wide 
with  a  pillar  of  equal  thickness  between  them, 

THE  GEOBGES  CBEEK  GOAL  AND  IBON  COMPANY. 

The  Greorges  Creek  Coal  and  Iron  Company  now  operate  four  drift 
mines  in  the  Pittsburg  seam  or  "  Big  Vein  "  and  have  lately  opened 
two  mines  in  the  Upper  Sewickley  or  Tyson  seam.  The  "  Big  Vein  " 
mines  operated  are  Mines  No.  1  and  4,  a  mile  north  of  Lonaconing ; 
Mine  No.  3  or  Pine  Hill,  one  and  a  half  miles  northeast  of  Lonacon- 
ing ;  Mine  No.  12,  two  miles  northeast  of  Ix)naconing ;  Mines  No.  9 
and  10  or  Columbia,  two  and  a  half  miles  above  Lonaconing.  The 
Tipper  Sewickley  mines  are  No.  16  and  No.  17. 

"  Big  Vein  "  Mines  No,  1  and  No.  Jf.  of  the  Georges  Creek  Coal 
and  Iron  Company  lie  on  the  west  side  of  the  Georges  Creek  valley 
three-fourths  of  a  mile  north  of  the  corporate  limits  of  the  town  of 
Lonaconing.  The  entrances  to  the  two  mines  are  close  together.  No. 
1  mine  has  connections  with  and  tipples  on  both  the  Cumberland  and 
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Pennsylvania  and  the  west  branch  of  the  Gteorges  Creek  and  Cumber- 
land railroad.  The  coal  from  No.  4  mine  is  loaded  only  into  railroad 
cars  upon  the  tracks  of  the  former  road.  In  1902  the  daily  capacity 
of  mines  No.  1  and  No.  4  was  850  tons,  and  170  men  and  8  horses 
were  employed.  The  coal  is  brought  from  the  interior  of  the  mines 
to  the  surface  by  a  double  tail-rope  system  operated  by  a  stationary 
engine  on  the  surface  having  four  drums  6  feet  in  diameter  and  3  feet 
wide  and  winding  a  J^-inch  hemp-center  steel-wire  rope.  The  en- 
gine is  supplied  by  a  160-horsepower  return-tubular  boiler.  At  the 
mouth  of  the  mines  the  tail-rope  is  disconnected  and  the  loaded  cai-s 
run  themselves  by  gravity  down  an  eight  per  cent  grade  to  a  landing 
near  the  tipple  on  the  Cumberland  and  Pennsylvania  Railroad, 
whence  they  are  run  by  hand  into  the  tipple.  The  empty  cars,  after 
being  dumped,  run  from  the  tipple  by  gravity  back  towards  the  mines. 
The  track  on  which  they  return  is  long  enough  to  hold  30  empty  cars 
at  a  time.  This  track  is  constructed  with  a  sufficient  grade  so  that 
the  front  car  of  each  "  trip  "  of  30  empty  cars  to  be  pulled  into  the 
mine  will  run  to  the  place  where  the  main  pulling  rope  disconnected 
from  the  "  trip  "  of  loaded  cars  can  be  attached  to  it. 

When  mine  cars  from  mine  No.  1  are  to  be  run  to  the  tipple  on 
the  Greorges  Creek  and  Cumberland  Railroad  the  tail-rope  is  discon- 
nected from  the  front  end  of  the  *^  trip  "  of  loaded  cars  when  it 
reaches  the  mouth  of  the  mine  and  in  place  of  it  one  end  of  a  "  cut- 
off "  rope  or  long  link  is  attached  to  the  front  end  of  the  "  trip." 
The  "  cut-off  "  rope  passes  out  the  center  of  the  track  to  a  "  bull 
wheel "  near  the  tipple,  around  this  wheel  and  returns  along  the  side 
of  the  track  to  the  mouth  of  the  mine.     The  tail-rope,  which  is  dis- 
connected from  the  "  trip,"  is  attached  to  the  other  end  of  the  "  cut- 
off "  rope,  and  the  tail-rope  then  pulls  the  "  trip  "  of  cars  to  the  tipple 
on  the  Georges  Creek  and  Cumberland  Railroad,  taking  the  pulling- 
rope,  which  is  still  attached  to  the  other  end  of  the  "  trip,"  with  it 
When  the  "  trip  "  of  empty  cars  is  brought  back  to  the  mouth  of  the 
mine  by  the  pulling-rope,  both  ends  of  the  "  cut-off  "  rope  are  brought 
back  to  the  mouth  of  the  mine  where  it  is  disconnected  from  the 
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"  trip  "  and  tail-rope  and  the  latter  is  replaced  on  the  hind  end  of 
the  **  trip  "  going  into  the  mine.  The  "  cut-oflf ''  rope  is  thus  left  in 
position  for  connecting  into  the  haulage  system  when  needed.  The 
main  tipple  of  mines  No.  1  and  No.  4  on  the  Cumberland  and  Penn- 
sylvania Eailroad  is  a  Mitchell  tipple  with  an  iron  basket  attach- 
ment.    The  coal  is  first  dumped  into  the  basket  and  then  the  basket 
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Fio.  42. — Sketch  of  Basket  employed  in  Loading  Cars  by  Georges  Creek  Coal 

and  Iron  Company. 


containing  the  coal  is  lowered  into  the  railroad  cars,  the  main  object 
of  the  basket  being  to  prevent  breakage  of  the  coal  and  therefore  ob- 
tain a  greater  percentage  of  lump  coal.  The  basket  is  suspended  by 
a  wire  rope  wound  around  a  drum.  The  weight  of  the  coal  from  a 
mine  car  dumped  into  the  iron  basket  causes  the  basket  to  descend, 
the  drum  is  turned  and  another  wire  rope  with  a  weight  attached 
is  wound  upon  a  drum  of  larger  diameter  on  the  same  shaft  as  the 
smaller  drum.  When  the  basket  has  been  lowered  to  the  desired 
height  it  is  opened  by  chains  which  connect  it  with  the  framework 
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of  the  tipple.  When  the  coal  is  emptied  from  the  basket  the  weights 
attached  to  the  rope  of  the  larger  drum  wind  the  basket  rope  upon 
the  smaller  drum  again  and  lift  the  basket  up  to  the  level  of  the  flwr 
of  the  tipple.  The  basket  is  controlled  by  a  brake  band  on  the  larger 
drum  which  is  operated  by  a  lever.  In  addition  to  the  Mitchell 
tipple  the  dump  has  also  a  chute  for  loading  box  cars.  On  the 
Georges  Creek  and  Cumberland  Railroad  the  tipple  for  loading  the 
coal  from  mine  No.  1  is  of  the  ordinary  frame  back-balance  pattern. 

The  entrances  to  mines  No.  1  and  No.  4  are  close  tc^ether  and  are 
very  nearly  at  the  center  of  the  coal  basin.  Mine  No.  1  reaches  the 
coal  that  lies  on  the  western  slope  of  the  basin  and  is  self-draining 
while  No.  4  is  in  that  part  of  the  "  Big  Vein  "  coal  lying  in  the 
center  of  the  basin  and  on  its  eastern  slope.  The  grades  in  the  latter 
mine  are  very  irregular  even  on  the  general  line  of  strike  of  the  coal 
basin  where  one  would  expect  to  find  a  nearly  uniform  water-level 
grade.  Mine  No.  4  is  partly  drained  by  a  connection  with  the  Con- 
solidation Coal  Company's  drainage  tunnel  and  at  present  no  pumps 
are  needed  for  draining  either  of  these  mines. 

Two  fans  of  Guibal  pattern  of  12  and  20  feet  diameter  respectively 
furnish  exhaustive  ventilation  to  mines  No.  1  and  No.  4.  The  fans 
are  supplied  by  steam  from  the  same  boiler  that  supplies  the  station- 
ary haulage  engines.  The  gauge  of  the  mine  car  tracks  used  at  these 
two  mines  is  3  feet  and  the  cars  weigh  1800  to  2000  potmds  when 
empty  and  have  a  capacity  of  2  J  tons  of  coal.  No  coal-cutting  or 
mining  machinery  is  used  in  either  of  these  mines  or  in  any  other  of 
this  company's  mines  in  the  Georges  Creek  region.  The  "  Big  Vein  " 
coal  is  from  10  to  11  feet  thick  in  these  mines. 

Mines  No.  9  and  10, — On  the  east  side  of  the  Georges  Creek  val- 
ley between  Midland  Junction  on  the  Georges  Creek  and  Cumberland 
Railroad  and  the  town  of  Midland  is  a  series  of  drift  openings  known 
as  mines  No.  9  and  10  of  the  Georges  Creek  Coal  and  Iron  Com- 
pany. The  capacity  of  the  mines  is  160  ton^  per  day  and  40  men 
are  employed.  The  *'  Big  Vein,"  about  10  feet  thick,  is  mined  from 
these  drifts  and  the  coal  is  ship])ed  by  the  Georges  Creek  and  Cum- 
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berland  Railroad.  The  coal  i8  brought  to  the  tipple  by  two  gravity 
planes  900  and  700  feet  long.  The  main  drift  is  at  the  extreme 
southern  point -of  the  coal  outcrop  on  the  hill  above  Midland  Junc- 
tion. The  longer  plane  connects  this  opening  with  the  tipple.  The 
surplus  power  of  the  longer  plane  is  utilized  to  bring  loaded  mine 
cars  from  two  openings  which  are  lower  than  the  main  opening  up 
an  incline  to  the  top  of  the  plane.  A  wire  rope  is  connected  with 
the  rear  end  of  the  loaded  **  trip  "  going  down  the  plane.  The  rope 
then  passes  around  a  bull-wheel  and  down  the  incline  to  the  open- 
ings at  the  foot  of  the  incline  where  the  end  of  the  rope  is  fastened 
to  the  car  to  be  brought  up.  The  rope  is  carried  down  the  incline 
by  the  empty  car,  the  rope  acting  as  a  brake  to  the  car  in  its  descent 
down  the  incline.  The  shorter  outside  gravity  plane  is  used  to 
bring  the  coal  from  another  drift  close  to  the  to^vn  of  Midland  to  the 
tipple  and  a  tram  road  700  feet  long  connects  the  drift  with  the  plane. 
The  tram  road  has  a  grade  of  1^  per  cent  in  favor  of  the  loads  and 
the  cars  are  hauled  over  it  by  horses. 

The  main  mine  has  an  inside  gravity  plane  900  feet  long  as  well 
as  an  inside  incline  for  lowering  cars.  The  grade  of  the  latter  in- 
cline is  not  over  8  per  cent  and  a  single  bull-wheel  serves  to  run  down 
the  loaded  cars  and  bring  up  the  empty  ones,  the  two  being  con- 
nected with  a  wire  rope  which  passes  around  the  wheel.  A  brake- 
man  rides  on  each  "  trip  "  and  the  cars  are  controlled  entirely  by  the 
brakes.  Two  cars  are  run  in  a  "  trip  "  on  both  the  outside  and  in- 
side planes  and  usually  the  same  number  of  cars  are  run  at  once  on 
the  inside  and  outside  inclines.  The  gauge  of  the  mine  car  tracks 
is  3  feet  6  inches  and  the  mine  cars  weigh  1800  to  2000  pounds  and 
are  loaded  to  hold  2J  tons  of  coal.  The  drainage  and  ventilation 
are  both  natural.  The  coal  is  mined  exclusively  by  pick-work.  The 
usual  room  and  pillar  system  of  mining  is  used.  The  cover  of  the 
coal  is  not  great  and  rooms  are  driven  14  feet  wide  with  point  lines 
40  feet  apart 

Mine  No.  S  or  Pine  Hill  mine, — Three-quarters  of  a  mile  to  the 
east  of  the  openings  of  mines  No.  1  and  No.  4  and  on  the  opposite 
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Fiii.  43. — Sketch  ebowlog  Track  Arraosemeat,  Union 
Creek  Coal  and  Iron  Company. 


lies  high  up  on  the  hill  on  the  eastern  rim  of 
rather  steep  gravity  plane  1200  feet  long  conn 
the  drifts  with  the  tipple  on  the  Cnraherland  am 
road.  Two  loaded  cars  descending  bring  two  ei 
of  the  plane.  The  grades  of  the  coal  bed  within 
lar  and  in  many  places,  especially  near  the  e 
steep  and  two  inside  gravity  planes,  one  600  feet 
feet  long  are  necessary  to  land  the  loaded  mim 
near  the  month  of  the  mines.     From  there  the 
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horses  to  the  top  of  the  outside  plane.  The  drainage  and  ventilation 
are  natural.  The  great  difference  in  the  elevations  of  the  eastern 
outcrop  and  the  western  outcrop  of  the  coal-  at  the  mouth  of  the  drifts 
produces  a  natural  draught  more  than  sufficient  for  the  requirements 
of  the  mine.  The  room  and  pillar  system  of  mining  is  employed. 
The  cover  on  the  mine  is  not  as  heavy  as  of  mines  No.  1  and  No.  4 
and  in  mining  smaller  pillars  are  left  between  the  rooms,  the  latter 
being  14  feet  wide  with  centers  40  feet  apart  so  that  a  pillar  of 
coal  of  about  25  feet  is  left  between  them. 
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Fio.  44. — Sketch  showing  arrangement  of  Tipple  and  Prop-lift,  Pine  Hill, 

Georges  Creek  Coal  and  Iron  Company. 


In  the  workings  of  this  mine  along  the  eastern  outcrop  of  the  coal 
bed  the  grades  are  so  steep  that  the  loaded  mine  cars  have  sometimes 
to  be  let  down  to  the  headings  with  a  wire-rope  passing  around  a 
bull-wheel  near  the  face  of  the  room.  The  mine  car  tracks  of  this 
mine  have  a  gauge  of  3  feet  6  inches  and  the  empty  cars  weigh  1800 
to  2000  pounds  and  are  loaded  to  carry  2J  tons  of  coal.  The  tipple 
is  of  the  ordinary  back-balance  pattern  with  Townsend  automatic  pin- 
puller  and  dumps  sidewise  into  the  railroad  cars. 

The  tipple  has  also  an  incline  for  raising  props  and  mine  timber, 
the  surplus  power  of  the  loaded  cars  coming  down  the  gravity  plane 
being  utilized  to  lift  a  mine  car  of  props  from  the  prop  yard  to  the 
top  of  the  tipple.  This  is  accomplished  by  connecting  the  car  to  be 
raised  by  a  wire-rope  to  the  rear  end  of  the  empty  "  trip  "  going  up 


584  BEPOBT    ON    THE    COALS    OF    MAKYLAND 

the  plane.  When  the  car  of  props  or  timber  reaches  the  top  of  the 
tipple  the  "  trip  "  is  stopped,  the  rope  disconnected  both  from  the 
car  and  the  "  trip.''  One*end  of  the  rope  is  then  fastened  to  a  double 
drum  turning  on  one  axle  built  beneath  the  tipple  and  the  rope  is 
wound  back  upon  the  drum  by  a  weight  which  operates  it.  When 
the  car  is  to  be  let  down  the  short  incline  to  be  loaded  with  timber  this 
rope  is  connected  to  it  and  the  descent  of  the  car  is  controlled  by  a 
brake  band  applied  to  the  larger  drum.  As  the  car  descends  it  winds 
the  rope  upon  the  smaller  drum  and  lifts  the  weight  that  in  its  de- 
scent winds  back  the  pulling  rope  upon  the  larger  drum. 

Mine  No.  12  oi  the  Georges  Creek  Coal  and  Iron  Company  is  a 
drift  mine  in  a  detached  area  of  the  "  Big  Vein  "  that  lies  on  the  east 
side  of  the  Georges  Creek  valley  near  the  eastern  rim  of  the  coal 
basin,  midway  between  mines  No.-  3  and  No.  9  of  the  same  company. 
The  mine  is  connected  with  the  Georges  Creek  and  Cumberland  Rail- 
road over  which  the  coal  from  it  is  shipped,  by  a  4rrail  gravity  plane 
2200  feet  long.     The  tipple  is  of  the  usual  plain  chute  type  common 
to  the  region.     This  mine  was  opened  and  coal  first  shipped  from  it 
in  1903. 

Upper  Sewichley  or  Tyson  seam  mines, — Mine  No.  16  oi  the 
Georges  Creek  Coal  and  Iron  Company  is  a  drift  opening  in  the 
upper  half  of  the  Upper  Sewickley,  Tyson,  or  "  Three  and  a  half- 
foot  "  seam  on  the  hillside  just  above  the  opening  of  the  drift  of  mine 
Xo.  1  ("Big  Vein'').  A  retarding  conveyor  and  washing  plant 
for  this  mine  has  just  been  put  in  operation.  The  mine  was  opened 
in  1903  and  the  output  is  as  yet  limited.  The  plant  of  this  mine, 
which  has  just  been  built,  consists  of  three  150-horsepower  horizontal 
tubular  boilers.  A  238-horsepower  engine  drives  an  electric  gener- 
ator, which  in  turn  supplies  the  power  for  two  stationary  electric 
motors,  one  of  which  (of  40-horsepower)  operates  the  endless  rope  of 
the  retarding  conveyor,  the  other  a  30-horsepower  motor  nins  the 
machinery  that  washes  and  elevates  the  washed  coal  from  the  washer 
to  the  storage  bins. 

The  coal  is  brought  from  mine  No.  16  to  the  tipple  by  the  retard- 


MABYLAND    QEOLOGICAL    SUKVEY  585 

ing  conveyor  1000  feet  long.  At  the  lower  end  of  the  conveyor  the 
coal  passes  over  a  screen.  The  lump  coal  is  loaded  directly  into  the 
railroad  cars  and  the  screened  coal  is  transferred  by  a  screw  con- 
veyor to  the  washer.  The  washed  coal  is  elevated  into  the  storage 
bins  from  which  it  is  loaded  into  cars  on  a  siding  of  the  Cumberland 
and  Pennsylvania  Railroad  as  it  is  needed  for  shipment.  The  elec- 
trie  generator  also  supplies  power  for  a  four-ton  electric  motor  for 
haulage  in  mines  No.  16  and  No.  17.  The  mine  will  be  equipped 
with  a  12-foot  Guibal  fan,  which  will  also  ventilate  mine  No.  17. 

Mine  No,  i7  is  a  drift  into  the  same  coal  bed  as  mine  No.  16  and 
its  entrance  is  on  the  hillside  just  above  the  mouth  of  the  old  drift 
of  the  Greorges  Creek  Coal  and  Iron  Company's  '*  Big  Vein  "  mine 
No.  4i.  A  short,  steep  gravity  plane  connects  the  mine  with  its 
tipple  on  the  Greorges  Creek  and  Cumberland  Railroad  and  a  tram- 
way 220Q  feet  long  joins  it  with  the  retarding  conveyor  near  mine 
No.  16.  A  four-ton  electric  motor  transfers  the  coal  from  the  mine 
to  the  conveyor  over  the  tramway.  The  tipples  of  mines  No.  16  and 
No.  17  are  entirely  independent  of  those  used  for  loading  coal  from 
the  **  Big  Vein  "  mines  in  their  vicinity.  A  temporary  wooden  stack 
is  used  for  ventilation.  The  interior  workings  of  mines  No.  16  and 
No.  17  will  eventually  meet  and  the  haulage  and  ventilating  systems 
of  mine  No.  16  will  be  extended  into  this  mine. 

A  panel  system  of  mining  is  employed  in  both  mines  No.  16  and 
No.  17.  Rooms  are  driven  in  sets  or  panels  of  ten  as  the  side  entries 
advance.  Each  panel  is  separated  from  the  next  by  a  barrier  pillar. 
The  pillars  between  the  rooms  are  drawn  as  soon  as  the  rooms  of  each 
panel  are  up.  After  the  pillars  are  drawn  the  haulage  ways  are  re- 
tained by  the  necks  of  the  rooms  and  a  protecting  stump  which  is  left 
below  the  return  airway  of  each  set  of  entries. 

The  mine  car  tracks  of  mines  No.  16  and  No.  17  have  a  gauge  of 
42  inches  and  mine  cars  weighing  1000  pounds  are  used.  Some  of 
these  are  built  entirely  of  iron  hut  the  bodies  of  the  larger  number 
of  them  are  wooden. 
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THE   MARYLAND    COAL    COMPANY. 

The  Maryland  Coal  Company's  mines  are  Kingsland,  Appleton, 
New  Detmold,  and  Patton,  all  of  which  are  drifts  on  the  western  rise 
of  the  '^  Big  Vein  "  near  Lonaconing. 

Kingsland  and  Appleton  mines. — On  the  northwestern  edge  of  the 
town  of  Lonaconing  and  on  the  west  side  of  Koontz  Run,  which  emp- 
ties into  Gteorges  Creek  at  that  town,  are  the  Kingsland  and  Appleton 
mines  of  the  Maryland  Coal  Company.     The  coal  mined  is  the  breast 
coal  of  the  "  Big  Vein."     One  hundred  and  seventy-three  turns  or 
miners  were  employed  in  these  two  mines  in  1902  and  42  other  em- 
ployees were  engaged  in  hauling  and  handling  the  coal.     The  maxi- 
mum daily  output  was  900  tons.     The  tipple  on  the  west  branch  of 
the  Greorges  Creek  and  Cumberland  Sailroad,  close  to  the  mouth  of 
the  Kingsland,  serves  for  both  the  Kingsland  and  Appleton  mines. 
A  tram  road  (42-inch  gauge)  2200  feet  long  connects  the  latter  mine 
with  the  tipple.     A  long  gravity  plane  inside  of  this  mine  lands  the 
loaded  mine  cars  in  "  trips  "  of  13  cars  just  outside  of  the  Appleton 
mine,  whence  they  are  hauled  by  a  locomotive  weighing  10  tons  to 
the  tipple.     A  wire-rope  of  1^-inch  diameter  is  used  in  operating  the 
gravity  plane  in  the  Appleton  mine.  The  rope  passes  five  times  around 
a  set  of  wheels  of  6  feet  and  4  inches  diameter  at  the  top  of  the  plane 
and  13  loaded  mine  cars  going  down  the  incline  lift  13  empty  cars 
to  the  top  of  the  plane.     In  the  Kingsland  mine  horses  alone  are  used 
for  haulage.     In  both  the  Appleton  and  Kingsland  mines  the  coal  is 
mined  to  the  "  rise,"  the  drainage  of  both  is  natural,  and  no  pumping 
machinery  is  required.     A  Guibal  fan  16  feet  in  diameter  produces 
exhaust  ventilation  for  the  Appleton  mine  and  a  fan  of  the  same  pat- 
tern 12  feet  in  diameter  ventilates  Kingsland,  a  40-horsepower  boiler 
supplying  steam  for  the  former  and  a  10-horsepower  boiler  the  latter. 
The  main  tipple  loads  endwise  into  the  railroad  cars  while  an  auxil- 
iary tipple  close  to  the  main  one  supplies  coal  to  the  locomotives  of  the 
Gteorges  Creek  and  Cumberland  Railroad. 

The  New  Detmold  and  Patton  mines  of  the  Maryland  Coal  Com- 
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pany  are  situated  on  the  western  side  of  the  Greorges  Creek  valley  and 
of  the  coal  basin^  three-quarters  of  a  mile  southeast  of  Lonaconing. 
The  tipple  is  at  the  end  of  the  west  branch  of  the  Georges  Creek  and 
Cumberland  Kailroad  and  on  the  opposite  side  of  the  valley  from  the 
tipple  of  the  Jackson  mines  of  the  American  Coal  Company.  The 
coal  from  the  Patton  mine  of  the  Maryland  Coal  Company  is  brought 
through  the  New  Detmold  mine  to  the  New  Detmold  tipple.  In  1902 
180  miners  and  40  other  employees  were  engaged  in  mining  and  ship- 
ping coal  from  these  two  mines  and  13  horses  were  used  in  hauling  the 
coal,  in  addition  to  a  tail-rope  haulage  system.  The  maximum  dailv 
output  of  the  two  mines  was  1000  tons  of  coal.     The  coal  operated 
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Fio.  46. — Sketch  showing  Track  Arrangement,  New  Detmold  Mine,  Maryland 

Coal  Company. 


is  the  "  Big  Vein,"  which  at  this  point  of  the  Georges  Creek  valley 
lies  high  up  on  the  hillside  about  the  level  of  Georges  Creek. 

Only  the  breast  coal  is  taken  out  of  these  mines  and  the  props 
are  8  feet  long.     The  tail-rope  system  is  operated  by  a  12  x  18-in< 
geared  engine  and  6-foot  drum  winding  a  f -inch  wire-rope  by  whicS^^h 
the  mine  cars  are  brought  to  and  from  the  tipple  in  "  trips  "  of  SS4 
cars.     The  haulage  engine  is  supplied  with  steam  by  an  "  Economici:::::::^  " 
boiler,  both  the  engine  and  boiler  being  located  in  the  engine-ho^^^^ 
close  to  the  mouth  of  the  mine  and  tipple.     A  Guibal  fan  haviiL  » g 
diameter  of  16  feet,  driven  by  an  "  Economic  "  portable  engine   ^nd 
situated  about  one-third  of  a  mile  northwest  of  the  tipple  and  movth 
of  the  New  Detmold  mine  furnishes  compressive  ventilation  to  both 
the  New  Detmold  and  Patton  mines.     The  coal  is  mined  exclusireJy 
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by  pick  and  no  mining  machinery  is  used.  No  pumps  are  required 
to  drain  the  mines  as  they  are  self-draining.  The  mine  car  tracks 
at  all  the  mines  of  the  Maryland  Coal  Company  have  a  gauge  of  42 
inches  and  the  mine  cars  weigh  1600  pounds  when  empty  and  have 
a  capacity  of  500  pounds  of  coal.  An  ordinary  back-balance  tipple  is 
used  and  an  automatic  pin-puller  at  the  New  Detmold  mine.  The 
tipple  loads  the  coal  sidewise  into  the  railroad  cars. 

THE  AMERICAN  COAL  COMPANY. 

The  American  Coal  Company  operates  the  Jackson  mine,  near 
Lonaconing^  and  the  Caledonia  mine  at  Barton.  At  both  of  these 
plants  the  "  Big  Vein  "  is  worked  and  at  each  of  them  one  of  the 
smaller  seams  overlying  the  "  Big  Vein  "  is  mined,  that  at  the  Jack- 
son mine  being  the  Waynesburg,  and  that  at  the  Caledonia  mine  the 
Upper  Sewickley. 

The  Jackson  mines  of  the  American  Coal  Company  are  situated 
on  the  eastern  side  of  the  Georges  Creek  coal  basin  adjoining  and 
southeast  of  Lonaconing.  The  main  seam  operated  is  the  "  Big 
Vein,"  which  in  the  mines  of  this  company  is  from  13  to  14  feet 
thick.  The  mine  employed  in  1902  about  260  men  and  14  horses 
who  are  used  to  produce  a  daily  output  of  1000  tons  of  coaL  A  seam 
of  coal  lying  above  the  "  Big  Vein  "  has  also  lately  been  opened  and 
the  coal  taken  from  it  now  amounts  to  about  75  tons  daily.  In  the 
main  mine  in  the  "  Big  Vein  "  a  tail-rope  system  one  mile  and  five- 
eighths  long  brings  the  coal  to  the  mouth  of  the  drift,  whence  it  is 
conveyed  by  a  22-ton  locomotive  over  a  tram  road  one  mile  long  to  the 
main  tipple  at  Lonaconing.  The  tail-rope  employed  consists  of  two 
drums  7  feet  in  diameter  winding  a  J-inch  haulage  rope  and  a  f-inch 
tail-rope.  A  Guibal  fan  25  feet  in  diameter  with  a  maximum  speed 
of  90  revolutions  per  minute  furnishes  compressive  ventilation  for 
this  "  Big  Vein  "  mine.  The  tail-rope  engine  as  well  as  the  fan 
engine  are  supplied  with  steam  from  two  4^  x  14-feet  return- 
tubular  boilers  of  100  horsepower  each.     The  mines,  like  all  others 
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now  operated  in  the  Greorges  Creek  basin  south  of  Midland,  are  drifts. 
The  drainage  is  natural  and  no  pumps  are  required  to  dispose  of  the 
water.  The  coal  is  mined  by  pick  and  no  mining  machinery  is  used. 
In  the  "  Big  Vein  "  a  mine  car  is  used  weighing  when  empty  about 
1850  pounds  and  holding  about  2 J  tons  of  coal  when  loaded.  In  the 
mine  in  the  Waynesburg  seam  a  mine  car  containing  about  one  ton 
of  coal  is  used.  The  cars  containing  coal  from  the  upper  vein  are 
let  down  by  a  gravity  plane  to  the  main  tramway.  The  mine  cars 
of  this  company  differ  from  those  generally  used  in  the  region  in 
having  a  square  body  projecting  over  the  wheels. 
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Fig.  47. — Sketch  showing  Tracks  and  Three-chute  Tipple,  Jackson  Mine, 

American  Coal  Company. 


The  coal  from  the  mine  in  the  "  Big  Vein  "  is  mainly  dumped 
through  a  Mitchell  tipple  endwise  into  the  cars  on  the  siding  of  the 
Georges  Creek  and  Cumberland  Railroad.  Some  of  it  is,  however, 
loaded  sidewise  and  endwise  into  the  railroad  cars  over  two  other 
plain  chutes  at  the  main  Lonaconing  tipple.  The  coal  from  the  small 
vein  is  loaded  into  the  railroad  cars  at  the  same  tipple  but  is  only 
dumped  through  the  plain  chutes  and  not  over  the  Mitchell  tipple* 
The  coal  seam  at  this  mine  is  about  13  feet. 

The  Caledonia  mines, — At  Barton,  four  miles  southwest  of  Lona- 
coning, the  American  Coal  Company  operate  their  Caledonia  mines. 
Both  the  "  Big  Vein  "  and  the  Sewickley  coal  bed  lying  110  feet 
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above  it  are  worked  by  drift  openings.  The  ^'  Big  Vein  "  lies  high 
up  on  the  hill  on  the  west  side  of  the  Greorges  Creek  valley  and  coal 
basin  and  a  gravity  plane  2700  feet  long  connects  the  main  line  with 
the  tipple  on  the  Cumberland  and  Pennsylvania  Railroad  and  an- 
other plane  400  feet  long  lets  down  the  coal  from  the  mine  in  the 
Tyson  or  Sewickley  coal  to  the  head  of  the  main  planes.  The  coal 
from  both  mines  is  lowered  over  the  main  plane  and  dumped  over  one 
tipple.  A  l^inch  wire-rope  is  used  on  the  longer  plane  and  a  1-inch 
rope  on  the  shorter  one.  The  thickness  of  the  "  Big  Vein  "  at  the 
mines,  as  given  by  Mr.  J.  H.  Barrett,  the  general  superintendent  of 
the  American  Coal  Company,  is  13  feet  9  inches. 

The  maximum  daily  capacity  of  the  "  Big  Vein  "  Caledonia  mine 
for  1902  was  600  tons,  70  men  and  6  horses  being  used  in  the  pro- 
duction of  the  coal.  The  mine  cars  used  weigh  1820  pounds  when 
empty  and  contain  when  loaded  2f  tons  of  coal.  The  upper  coal 
seam  is  about  6^  feet  thick. 

The  greatest  daily  output  of  the  mine  in  the  Waynesburg  coal  bed 
is  160  tons  of  coal,  and  34  men  and  2  horses  are  employed.  The 
mine  cars  used  in  the  upper  seam  are  very  little  smaller  and  lighter 
in  weight  than  those  used  in  the  "  Big  Vein,"  the  former  having  a 
capacity  of  two  tons  and  weighing  when  empty  1780  pounds.  The 
gauge  of  mine  car  tracks  is  3  feet.  The  ventilation  and  drainage 
of  both  mines  is  natural.  No  mine  pumps,  fans,  or  mining  ma- 
chinery are  used  or  needed.  The  tipple  is  of  the  usual  pattern, 
dumping  sidewise  into  the  railroad  cars. 

THE  NEW   CENTRAL   COAL   COMPANY. 

Koontz  mine. — The  Koontz  mine,  operated  by  the  New  Central 
Coal  Company,  is  situated  a  mile  northwest  of  Lonaconing  and  has 
its  tipple  on  a  siding  or  spur  of  the  west  branch  of  the  Greorges  Creek 
and  Cumberland  Railroad.  Both  the  coals  of  the  Pittsburg  or  "  Big 
Vein  "  and  of  the  Upper  Sewickley,  lying  110  feet  above  it,  are 
txiined  by  drift  openings  on  the  east  side  of  Koontz  Run,  opposite 
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and  one-quarter  of  a  mile  above  the  Maryland  Coal  Company's  Apple- 
ton  mine.  The  coal  from  both  beds  is  brought  from  the  level  of  the 
mouth  of  the  '*  Big  Vein  "  to  the  tipple  on  the  Georges  Creek  and 
Cimiberland  Railroad  by  a  gravity  plane  900  feet  long.  The  main 
mine  in  the  "  Big  Vein  "  is  equipped  with  a  tail-rope  haulage  sys- 
tem consisting  of  two  return-tubular  boilers  60  inches  in  diameter 
and  16  feet  long,  of  76  horsepower  each.  A  double  engine  14  inches 
by  24  inches  geared  3i  to  1  is  used  to  operate  three  drums,  two  of 


CtO«Cli  CUtt*    /W^^:     t•L/^^^«w*^D    »   « 


Fig.  48. — Sketch  showing  Tipple  and  Tracks,  Koontz  Mine.  New  Central  Coal 

Company. 

which  are  4  feet  in  diameter  and  one  6  feet  in  diameter,  which  winds 
a  main  haulage  rope  of  ^inch  diameter  and  a  tail-rope  of  J-inch 
diameter.  The  coal  in  the  "  Big  Vein  "  averages  9^  feet  thick  and 
in  the  smaller  vein  above  about  40  inches.  The  maximum  daily 
capacity  of  tlie  Koontz  mine  (in  1902)  was  660  tons,  and  140  men 
are  employed  in  addition  to  11  horses.  The  mines  are  ventilated  by 
two  fans  of  20  and  10  feet  diameters,  having  capacities  respectively 
of  60,000  and  25,000  cubic  feet  of  air  pressure  per  minute. 

Compressive  ventilation  is  used.     The  mines  are  partly  self-drain- 
ing and  partly  are  drained  by  the  old  workings  of  the  Georges  Creek 
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Coal  and  Iron  Company  which  lie  between  this  mine  and  the  center 
of  the  coal  basin.  ITo  pumps  are  used  and  no  mining  machinery,  the 
coal  being  cut  entirely  by  pick-work.  The  usual  system  of  room  and 
pillar  work  used  throughout  the  region  is  employed  for  taking  out 
the  coal.  Two  sizes  of  mine  cars  are  used,  one  for  each  coal  bed 
mined.  The  cars  in  use  in  the  "  Big  Vein  "  or  main  mine  have  a 
capacity  of  two  tons  five  hundred  weight  of  coal  and  weigh  when 
empty  1700  pounds.  The  gauge  of  track  of  both  mines  is  42  inches. 
The  tipple  is  of  frame  and  the  coal  is  dumped  endwise  into  the  rail- 
road cars.  The  tipple  has  a  plain  chute  furnished  with  an  auto- 
matic and  ingenious  but  rather  complicated  pin-puUer.  The  Pitts- 
burg coal  seam  at  this  mine  is  something  over  12  feet. 

Enough  rock  above  the  coal  is  taken  down  in  the  headings  in  the 
small  vein  to  allow  headroom  for  men  and  mules  to  pass  under.  In 
working  rooms  only  the  coal  is  taken  out  and  the  small  empty  cars 
are  pushed  by  the  miners  from  the  heading  to  the  working  faces  and 
when  loaded  are  run  by  gravity  to  the  headings.  A  tail-rope  haul- 
age system  operated  by  a  stationary  engine,  located  on  the  outside, 
brings  the  mine  cars  from  the  side  headings  in  the  interior  of  the 
mine  to  the  head  of  the  outside  gravity  plane  near  the  level  of  the 
drift  mouths  of  the  "  Big  Vein  **  mine. 

THE  CTTMBERLAin)  BASIN  COAL  COMPANY. 

At  Barrellsville  the  Cumberland  Basin  Coal  Company  operates 
two  mines  in  the  lower  Coal  Measures.  They  also  operate  two  mines 
across  the  State  line  in  Somerset  county,  Pennsylvania.  The  latter 
mines  are  drifts  in  the  **  Kock  Vein  "  and  "  Big  Vein  "  coal  beds. 
This  company  began  opening  these  mines  in  1902. 

The  McOlone  and  Stafford  mines,  as  the  mines  in  the  lower  Meas- 
ures are  called,  are  openings  in  the  coal  beds  known  locally  as  the 
Brookville  or  Bluebaugh  and  Clarion  or  Parker  veins  respectively, 
and  are  on  the  southeast  side  of  the  valley  *of  the  north  branch  of 
Jennings  Run,  half  a  mile  northeast  of  Barrellsville.    In  these  mines 
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is  worked  the  coal  of  the  two  lowest  workable  coal  beds  known  in 
the  region.  The  mines  are  on  the  eastern  rise  of  the  Georges  Creek 
coal  basin  syncline  and  close  to  the  point  where  that  syncline  passes 
out  of  Maryland  into  Pennsylvania.  The  Stafford  mine  is  a  drift 
opening  while  the  entrance  of  the  McGlone  mine  is  a  short  slope 
down  from  the  level  of  the  Clarion  or  Parker  seam  into  the  Brook- 
ville  or  Bluebaugh  which  is  about  30  feet  below  the  former  seam  at 
that  locality.  The  slope  strikes  the  Brookville  coal  bed  just  above 
the  water-level  line  of  the  north  branch  of  Jennings  Kun.  The  en- 
trances of  both  mines  pass  through  the  workings  of  old  mines  which 
were  worked  many  years  ago  before  the  "  Big  Vein  "  was  commer- 
cially worked,  and  after  passing  through  the  old  workings  the  de- 
velopment of  the  mine  is  by  a  series  of  double  headings  driven  slightly 
to  the  rise  of  the  line  of  strike  of  the  coal  beds.  The  coal  from  both 
mines  is  hauled  by  mules  to  a  tipple  which  serves  for  the  shipment 
of  the  output  of  both.  The  tipple  is  located  across  the  north  branch 
of  Jennings  Run  from  the  mines  on  a  siding  of  the  Cumberland 
Basin  Coal  Company^s  railroad  a  half  mile  from  the  junction  of  the 
latter  with  the  Cumberland  and  Pennsylvania  Kailroad.  The  mines 
are  naturally  drained  into  the  north  branch  of  Jennings  Eun  and 
their  ventilation  is  assisted  by  wooden  stacks. 

THE  GEORGES  CREEK  AND  BALD  KNOB  COAL  COMPANY. 

The  Georges  Creek  and  Bald  Ejiob  Coal  Company  during 
1904  opened  some  drift  mines  in  a  detached  area  of  "  Big  Vein  " 
which  formerly  belonged  to  David  Brailer.  The  mines  of  this  com- 
pany lie  at  the  extreme  northern  end  of  the  Georges  Creek  coal  basin 
about  two  miles  north  of  Mt.  Savage.  Three  seams  of  coal  have  been 
opened  and  are  ready  for  shipment.  A  steam  locomotive  delivers  the 
loaded  mine  cars  from  the  entrance  of  the  mine  to  the  head  of  a 
gravity  plane  down  which  they  are  run  to  the  tipple  situated  on  a 
spur  of  the  Cumberland  Basin  Coal  Company's  railroad.  The  mines 
are  naturally  drained  and  ventilated. 
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THE  BORDEN  MINING  COMPANY. 


Through  their  shaft  at  Jiorden  Shaft  station  on  the  Cumberland 
and  Pennsylvania  Railroad  the  Borden  Mining  Company  formerly 
operated  a  considerable  area  of  the  *'  Big  Vein  "  which  lay  on  the 
west  side  of  the  railroad,  and  in  the  center  and  on  the  western  slope 
of  the  basin,  while  on  its  western  outcrop  the  same  company  also 
worked  the  "  Big  Vein  "  through  the  drift  of  the  Bowery  mine. 

The  main  "  Big  Vein  "  coal  territory  owTied  by  this  company  in 
the  vicinity  of  these  two  mines  has  been  worked  out  and  the  company 
is  not  operating  either  of  them  now. 

W.  A.  and  Howard  Hitchins  lease  from  the  Borden  Mining  Com- 
pany and  operate  the  Borden  mine,  a  drift  in  the  outcrop  of  the 
"  Big  Vein  "  at  the  northern  end  and  western  edge  of  the  basin.  The 
mine  has  its  tipple  on  the  Cumberland  and  Pennsylvania  Railroad 
close  to  the  tipple  of  the  Frost  mine  and  across  the  valley  of  Jennings 
Run  and  nearly  opposite  the  tipples  of  Union  mine  No.  1.  The  coal 
is  brought  from  the  mine  to  the  tipple  over  a  long  tram  road  and 
gravity  plane. 

THE  BRADDOCK  COAL  COMPANY. 

The  Braddock  Coal  Company  in  1903  made  an  opening  in  the 
Rock  Vein  seam  which  is  generally  identified  as  the  equivalent  of 
the  Upper  Freeport  coal.  The  opening  is  a  double  drift  on  the  north 
side  of  Braddock's  Run  a  short  distance  east  of  Clarysville.  The 
tipple  is  on  the  Eckhart  branch  of  the  Cumberland  and  Pennsylvania 
Railroad  and  the  coal  is  taken  across  the  valley  of  Braddock's  Run 
in  buckets  by  an  aerial  tramway  rope-haulage  system-  The  loaded 
mine  cars  are  first  emptied  into  a  storage  bin  near  the  mouth  of  the 
mine.  From  the  bin  the  coal  is  loaded  into  buckets  and  transferred 
across  the  valley  to  the  tipple  as  needed  for  shipment.  The  rope  and 
bucket  system  is  worked  by  an  engine  and  boiler  located  near  the 
mine.  The  mine  has  two  entrances,  one  for  loads  to  come  out  of 
the  mine,  the  other  for  empty  cars  to  return  into  it. 
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THE    FROSTBURO    COAL    MINING    COMPANY. 

The  Morrison  mine,  now  operated  by  the  Ftostbnrg  Coal  Mining 
Company,  is  situated  at  Morrison  station  of  the  Cumberland  and 
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Fig.  49. — Sketch  showing  Tipple  and  Plane,  Morrison  Mine,  Frostburg  Ck»l 

Company. 

Pennsylvania  Railroad  on  the  east  side  of  the  railroad  and  east  of 
the  axis  of  the  coal  basin.     Two  coal  beds,  the  Upper  Freeport  and 
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Bakerstown,  are  worked  by  drifts  and  the  coal  brought  to  one  tipple. 
The  openings  in  the  lower  or  Upper  Freeport  seam  is  140  feet  from 
the  tipple  and  just  high  enough  above  it  to  afford  an  easy  grade  in 
favor  of  the  loads  from  the  mine  to  the  tipple.  In  1901  the  maxi- 
mum capacity  of  this  mine  was  100  tons  of  coal  per  day  and  36  men 
were  employed  in  it.  In  1902  the  upper  coal  bed  was  opened,  and 
in  1903  the  output  was  from  both  seams.  A  three-rail  gravity  plane 
connects  the  upper  coal  bed  with  the  tipple.  This  upper  coal  bed  is 
the  one  formerly  worked  by  the  Union  Mining  Company  at  their 
Potomac  mine  and  in  the  mines  of  the  Moscow-Georges  Creek  Coal 
Company  at  Barton,  the  lower  coal  bed  passing  under  the  level  of 
Georges  Creek  between  Barton  and  Morrison.  The  thickness  of  the 
upper  coal  bed  varies  in  this  mine  from  2i  to  4  feet. 

In  these  mines  five  IngersoU-Sergeant  coal-mining  machines  are 
used  at  times  but  usually  only  three  of  them  are  in  operation  at  once. 
The  coal-mining  machines  are  operated  by  compressed  air,  which  is 
supplied  to  them  at  a  pressure  of  about  85  pounds  to  the  square  inch 
by  an  IngersoU-Sergeant  straight-line  compressor  with  steam  cylinder 
22  X  24  inches  and  22^  x  24^  air  cylinder.  The  compressor  is  in- 
tended to  run  ten  mining  machines.  The  lower  mine  is  ventilated  by 
a  fan  10  feet  in  diameter  which  forces  the  air  into  the  mine.  A  100- 
horsepower  return-tubular  boiler  IG  feet  long  and  6  feet  in  diame- 
ter supplies  steam  to  the  air  compressor  and  fan.  The  upper  mine 
is  naturally  ventilated,  assisted  by  a  wopden  stack  at  the  opening  on 
the  north  side  of  the  wheel-house  at  the  head  of  the  plane.  Both 
mines  are  naturally  drained.  The  Deepwell  pump  (6  x  12  inches, 
capacity  500  gallons  per  hour)  is  used  for  cooling  the  compressor. 
The  tipple  is  built  of  wood  20  feet  high,  of  the  pattern  common  to  the 
region,  with  an  additional  chute  beneath  the  main  chute  for  loading 
box  cars.  When  the  lower  chute  is  used  the  bottom  of  the  upper  or 
main  chute  is  lifted  out.  The  mine  cars  weigh  1000  pounds  and 
have  a  capacity  of  1900  pounds  of  coal.  The  gauge  of  mine  car 
tracks  is  42  inches. 


598  BEPOBT    ON    THE    COALS    OF    MARYLAND 

THE   CHAPMAN    COAL   MINING    COMPANY. 

The  Swanton  mine  at  Barton,  operated  by  the  Chapman  Coal  Min- 
ing Company,  is  a  drift  opening  in  the  Bakerstown  or  '"  Four-foot " 
coal  bed,  on  the  west  side  of  the  Georges  Creek  valley  and  coal  basin. 
The  tipple  is  on  a  siding  of  the  Cumberland  and  Pennsylvania  Rail- 
road close  to  Barton  station  and  about  600  feet  north  of  the  tipple 
of  the  American  Coal  Company's  Caledonia  mines.  A  short  three- 
rail  gravity  plane  connects  the  mine  with  the  tipple.  The  coal  worked 
in  this  mine  is  usually  26  to  28  inches  thick,  sometimes  reaching  to 
a  thickness  of  34  inches.  The  roof  is  good.  The  mine  is  naturally 
drained  and  ventilated.  This  company  has  also  relaid  the  track  of 
the  old  Swanton  mine  plane  and  reopened  the  *'  Big  Vein  '"  and  is 
mining  the  coal  near  the  outcrop  which  was  not  taken  out  by  the 
Swanton  Company. 

THE  PIEDMONT  AND  GEORGES  CREEK  COAL  COMI'ANY. 

The  Piedmont  and  Georges  Ci'eek  Coal  Company  operates  Wash- 
ington mine  Xo.  1,  between  Eckhart  and  Hoffman ;  Washington  mine 
No.  2,  at  Eckhart;  and  the  Tacoma  mine,  near  Franklin. 

Washington  mine  No.  1  of  the  Piedmont  and  Georges  Creek  Coal 
Company  is  operated  by  the  above  company  under  a  lease  from  the 
Consolidation  Coal  Company.  The  mine  is  a  drift  in  the  outcrop 
of  the  "  Big  Vein  "  on  the  south  side  of  Braddock's  Run  between 
Eckhart  and  Clarysville. 

Washington  mine  No.  2  is  operated  by  the  same  company  under 
a  lease  from  Charles  Leatham  (New  York  Mining  Company?). 
The  mine  is  a  drift  in  the  outcrop  of  the  ^*  Big  Vein  "  at  Eckhart 

The  Tacoma  mine  of  the  Piedmont  and  Goorges  Creek  Coal  Com- 
pany is  a  drift  opening  in  the  Lower  Kittanning  or  "  Six-foot " 
seam  on  the  west  side  of  the  coal  basin  and  of  Georges  Creek,  on  a 
lease  from  Mr.  E.  J.  Roberts  and  others.  The  tipple  is  on  a  siding 
of  the  Cumberland  and  Pennsylvania  Railroad  a  half-mile  south  of 
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Franklin  station,  just  across  the  railroad  from  the  tipple  of  the  mines 
of  the  Cumberland  and  Piedmont  Mining  Company.  The  entrance 
to  the  drift  is  104  feet  from  the  tipple,  a  tram  road  connects  the  two 
and  the  elevation  of  the  coal  bed  above  the  siding  necessitates  a  chute 
74  feet  to  the  railroad  to  convey  the  coal  from  the  tipple  to  the  rail- 
road. At  the  beginning  of  1902  eighty-five  men  were  employed  and  6 
mules  were  used  in  operating  the  mine,  and  the  maximum  daily  out- 
put was  275  tons  of  coal. 

The  coal  is  mined  by  pick-work  exclusively  and  the  haulage  effected 
by  mules.  A  furnace  ventilates  the  mine  and  a  syphon  of  2-inch 
pipe  assists  in  draining  it.  The  mule  cars  when  empty  weigh  1100 
pounds  and  contain  1^  tons  of  coal.  The  gauge  of  mine  car  tracks  is 
42  inches.  The  coal  in  this  mine  is  about  6  feet  thick  with  a  streak 
of  bone  coal  a  few  inches  thick  near  the  top  and  a  streak  of  sulphur 
in  places  near  the  middle  of  the  seam  with  occasional  rock  faults  and 
^'  clay  veins."  The  usual  room  and  pillar  system  of  mining  is  em- 
ployed. The  rooms  are  driven  14  feet  wide  with  pillars  25  to  30  feet 
wide  between  them. 

THE  MIDLAND  MINING  COMPANY. 

The  Enterprise  mine  on  a  spur  of  the  Cumberland  and  Pennsyl- 
vania Railroad,  a  half-mile  northeast  of  Midland,  is  operated  by  the 
Midland  Mining  Company  (under  a  lease  from  the  Consolidation 
Coal  Company).  The  seam  mined  is  the  *' Big  Vein,"  which  has 
about  the  same  thickness  as  in  the  mines  of  Ocean  No.  1.  The  coal 
is  mined  by  two  drift  openings  driven  into  the  outcrop  on  the  west 
side  of  Neff's  Run.  Seventy  men  and  7  horses  were  employed  in 
the  mine  in  1902  and  the  maximum  daily  output  of  coal  at  that  time 
was  240  tons.  The  loaded  mine  cars  are  hauled  by  horses  from  the 
mines  to  the  tipple  over  a  tramway  4000  feet  long.  The  company 
is  now  installing  a  wire-rope  haulage  ])lant  consisting  of  a  single-drum 
85-horsepower  hoisting  engine  by  which  the  loaded  cars  will  be  lifted 
to  the  surface  up  an  incline  1200  feet  long.     The  coal  is  mined  by 
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hand  pick- work.  The  mines  are  self -draining  and  no  artificial  appli- 
ances are  used  for  ventilation.  The  gauge  of  mine  tracks  is  3  feet 
The  mine  cars  weigh  when  empty  1780  pounds  and  have  a  capacity 
of  2i  tons  loaded.  A  plain  tipple,  having  an  iron  T-rail  back-bal- 
ance, loads  the  coal  8ide\\4se  into  the  railroad  cars. 

In  1903  the  Midland  Mining  Company  also  opened  a  coal  bed  on 
Federal  Hill  a  mile  or  more  south  of  Mt.  Savage  on  the  Winfield 
Trumble  tract.  The  coal  in  this  mine  is  about  four  feet  thick.  This 
coal  is  claimed  by  some  to  be  the  lower  bench  of  the  Pittsburg  bed, 
while  others  consider  it  to  be  one  of  the  beds  between  the  Pittsburg 
and  the  Franklin,  or  possibly  the  Franklin  bed.  Mules  haul  the 
coal  over  a  tramway  from  the  main  opening  to  the  head  of  a  gravitj' 
plane,  1300  feet  long,  which  delivers  it  to  the  tipple.  The  latter  is 
on  a  siding  of  the  Cumberland  and  Pennsylvania  Railroad  between 
Morantown  and  Mt.  Savage. 

THE  PUOENIX  AND  OEOBGES  CBEEK  MINING  COMPANY. 

About  a  mile  above  Franklin  station  on  the  Cumberland  and  Penn- 
sylvania Railroad  on  the  west  side  of  the  railroad  and  of  Georgea 
Creek  is  the  tipple  of  the  Phoenix  and  Georges  Creek  Mining  Com- 
pany. This  tipple  is  on  a  siding  of  the  Cumberland  and  Pennsyl- 
vania Railroad.  The  siding  branches  from  the  main  track  and 
crosses  Georges  Creek  one-quarter  of  a  mile  below  the  tipple.  Both 
the  *'  Big  Vein  "  (Phoenix  mine)  and  the  "  Four-foot "  or  Bakers- 
town  coal  beds  (Eckhart  mine,  a  new  mine  opened  in  1904)  are 
operated  by  this  company  with  drift  openings  and  the  coal  from  both 
is  brought  to  the  one  tipple.  A  three-rail  gravity  plane  800  feet 
long  connects  the  opening  in  the  Bakerstown  coal  bed  with  the  tipple, 
and  another  three-rail  gravity  plane  1675  feet  long  brings  the  coal  in 
"  trips  "  of  two  cars  from  the  '*  Big  Vein  "  mine  to  the  top  of  the 
lower  plane,  to  which  it  is  transferred  and  lowered,  one  car  at  a 
time,  to  the  tipple.  The  improvements  for  this  operation  were  put 
in  in  1902.     The  coal  is  mined  by  the  room  and  pillar  system,  the 
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rooms  being  12  feet  wide  with  50  feet  between  points  or  centers. 
Props  11  feet  long  are  used  in  the  upper  mine  in  the  "  Big  Vein." 
No  mining  machinery  is  used.  The  coal  beds  operated  by  this  com- 
pany lie  on  the  western  pitch  of  the  basin  and  the  mines  are  naturally 
drained  and  ventilated.  The  cars  used  are  of  more  modem  construc- 
tion and  different  from  those  common  to  the  region.  The  sides  are 
held  together  by  strap-iron  "  binders  "  passing  around  the  outside 
of  the  body  of  the  car.  The  cars  used  in  the  "  Big  Vein  "  mine  have 
a  capacity  of  2^  tons  of  coal  and  when  empty  weigh  1300  pounds. 
The  gauge  of  tracks  is  42  inches.  The  cars  used  in  the  Bakerstown 
seam  are  of  similar  construction  to  those  used  in  the  "  Big  Vein  " 
mine.  The  tipple  is  the  ordinary  back-balance  with  frame  trestle 
supports,  and  dumps  the  coal  sidewise  into  the  railroad  cars. 

THE  PIEDMONT-CUMBERLAND  COAL  COMPANY. 

This  company  operates  two  mines  on  the  eastern  side  of  the  Georges 
Creek  valley  and  coal  basin.  The  coal  from  both  mines  is  loaded 
over  one  tipple  sitijated  on  a  side-track  of  the  Cumberland  and  Penn- 
sylvania Railroad  nearly  a  mile  above  the  point  where  the  Georges 
Creek  empties  into  the  north  branch  of  the  Potomac  river.  The 
"  Big  Vein  "  lying  near  the  top  of  Hampshire  Hill  is  worked  at  the 
Hampshire  mine.  The  Lower  Kittanning  coal  bed  which  lies  not 
over  100  feet  above  the  level  of  Georges  Creek  is  also  mined.  A 
locomotive  brings  the  coal  over  a  long,  narrow-gauge  railroad  from 
drift  openings  in  the  outcrop  of  the  "  Big  Vein  ''  on  the  northeastern 
side  of  Hampshire  Hill  to  the  top  of  a  steep  and  long  three-rail 
gravity  plane  down  which  it  is  run  to  the  tipple.  A  short  three-rail 
gravity  plane  parallel  with  the  longer  one  connects  the  mine  in  the 
"  Six-foot "  seam  with  the  tipple,  the  entrance  to  the  latter  mine 
being  close  to  the  top  of  the  short  plane. 

THE  MOSCOW-QEOBGES  CHEEK  MINING  COMPANY. 

The  Moscow-Georges  Creek  Mining  Company  in  1902  opened  and 
operated  a  drift  mine  in  the  Bakerstown  or  ^'  Four-foot "  coal  bed  on 
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the  east  side  of  the  Georges  Creek  valley,  a  half-mile  above  Barton. 
The  tipple  of  this  mine,  known  as  Moscow  No.  2,  adjoins  the  tipple 
of  the  Moscow  mine  of  the  Piedmont  Mining  Company  and  on  the 
same  set  of  sidings  of  the  Cumberland  and  Pennsylvania  Railroad  as 
the  latter.  The  ventilation  and  drainage  are  both  natural.  The 
coal  is  mined  by  pick-work.  A  short  tramway  connects  the  mine  with 
the  tipple.  The  coal  bed  lies  slightly  above  the  necessary  tipple 
height,  to  overcome  which  the  tipple  has  a  long  chute.  The  tipple  is 
of  the  ordinary  back-balance  pattern  and  the  tipple  structure  and 
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Fro.  50. — Sketch  showing  Track  Arrangements  and  Tipple,  Moscow  Mines. 

chute  are  of  wood.  The  mine  is  at  present  idle  on  account  of  the 
workings  going  to  the  dip  and  the  consequeut  inconvenience  aud  ex- 
pense of  drainage. 

The  same  company  have  also  reopened  the  Pickell  mine,  renaming 
it  Moscow  No.  1,  in  the  '*  Four-foot "  seam  on  the  west  side  of  the 
Georges  Creek  valley  immediately  opposite  the  last-named  mine. 
They  have  built  a  tipple  but  have  not  quite  completed  their  connec- 
tions witli  the  Cumberland  and  Pennsylvania  Railroad.  The  mine 
is  now  opened  to  ship  450  tons  a  day.  The  coal  of  the  "  Four-foot 
bed  in  the  mines  of  this  company  varies  in  thickness  from  20  to  34 
inches. 
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The  Moscow-Georges  Creek  Company  have  also  opened  a  drift  into 
the  outcrop  of  the  old  '*  Big  Vein  "  Pickell  mine,  and  connected  it 
with  their  tipple  on  the  west  side  of  the  valley  by  a  gravity  plane 
1950  feet  long.  The  company  intends  to  l)uild  another  plane  from 
the  top  of  the  new  plane  to  reach  a  knob  of  '"  Big  Vein  "  that  lies 
higher  up  on  Pickell  Hill. 

THE    CUMBKRLAXD-GKORGES    CREEK    COAL    COMPANY. 

On  the  west  side  of  Georges  Creek  and  of  the  coal  basins  one-half 
mile  above  Franklin  station  the  Cumberland-Georges  Creek  Coal  Com- 
pany has  a  tipple  on  a  siding  of  the  Cumberland  and  Pennsylvania 
Railroad  and  operates  the  Penn  mine,  a  drift  in  the  Bakerstown  or 
*' Four-foot "  coal  bed.  The  thickness  of  the  coal  (in  the  mine) 
varies  from  2^  to  3^  feet.  A  three-rail  gravitj^  plane  1300  feet  long 
and  a  tram  road  from  the  top  of  the  plane  to  the  drift  connects  the 
mine  with  the  tipple.  In  11)02  the  mine  employed  al)out  50  men 
and  shipped  about  100  tons  of,  coal  per  day.  Two  mules  were  used 
inside  and  on  the  outside  tramway.  An  opening  has  also  been  made 
in  the  ^'  Six-foot "  bed  close  to  the  ti]>ple  and  at,  or  slightly  below, 
the  water-level  of  Georges  C-reek,  but  this  mine  is  not  operated  at  the 
present  time.  It  is  the  intention  of  the  company  to  operate  four 
mines  over  the  one  tipple.  The  one  on  the  **  Six-foot "  coal  bed  at 
water-level  to  be  called  the  Franklin  mine,  the  one  in  the  Upper  Free- 
port  or  ''  Three-foot ''  seam  next  above  called  the  Mooredale  mine, 
the  Penn  mine  which  is  now  worked  in  the  '*  Four-foot "  seam,  and 
the  Ferndale  mine  in  the  Franklin  or  3^-foot  seam  above  the  *^  Four- 
foot.''  When  in  full  operation  it  is  expected  that  the  daily  capacity 
of  the  four  mines,  the  coal  from  which  will  be  dumped  over  this 
tipple,  will  be  1500  to  2000  tons.  The  coal  in  the  drift  now  operated 
is  mined  by  pick- work.  The  mine  is  self-draining  and  the  ventila- 
tion is  natural.  A  wooden  air-stack  without  lire  is  used  to  produce 
a  difference  of  level  between  the  inlet  and  outlet  of  the  air.  The 
tipple  is  of  framework  covered  with  corrugated  galvanized  iron  and 
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has  two  chutes  loading  the  coal  endwise.  The  sidings  are  long  enough 
to  contain  30  empty  and  30  loaded  railroad  cars.  The  gauge  of  mine 
car  tracks  is  42  inches.  The  mine  cars  weigh  when  empty  about  1200 
pounds  and  hold  one  ton  twelve  himdred  weight  of  coal. 

THE   PIEDMONT   MINING    COMPANY. 

The  Moscow  mine  of  the  Piedmont  Mining  Company  is  a  drift 
opening  in  the  outcrop  of  the  ^*  Big  Vein  "  on  the  east  side  of  Greorges 
Creek  and  the  coal  basin.     The  tipple  of  the  ordinary  style  of  plain 
wooden  structure,  is  on  a  side-track  of  the  Cumberland  and  Pennsyl- 
vania Railroad,  a  half-mile  above  (northeast  of)  Barton.     A  gravity 
plane  1100  feet  long  connects  the  mine  with  the  tipple.     Fifty-one 
men  were  employed  in  1902  and  three  horses  used  for  haulage  pur- 
poses to  produce  a  maximum  output  of  500  tons  per  day.     The  drain- 
age and  ventilation  are  both  natural  and  the  coal  is  mined  by  pick- 
work  exclusively.     The  gauge  of  mine  car  tracks  used  is  42  inches 
and  the  weight  of  cars  averages  1817  pounds  with  a  carrying  capacity 
of  2  to  2^  tons  of  coal.     The  Bakerstown  or  "  Four-foot "  coal  bed 
has  also  been  opened  but  is  not  mined  to  any  extent. 

THE    LONACONING    COAL    COMPANY. 

The  Lonaconing  Coal  Company  operated  the  Shamrock  mine  in  the 
"  Big  Vein  "  adjoining  and  just  to  the  east  of  the  towTi  of  Lonacon- 
ing. The  coal  of  this  mine  is  owned  by  the  Consolidation  Coal  Com- 
pany and  leased  by  them  on  a  royalty  to  the  Lonaconing  Coal  Com- 
pany. The  Shamrock  mine  is  in  a  knob  high  up  on  the  extreme 
eastern  edge  of  the  Georges  Creek  coal  basin.  An  outside  inclined 
plane  1800  feet  long  connects  the  mine  with  the  tipple  on  a  siding  of 
the  Georges  Creek  and  Cumberland  Railroad.  The  grade  of  the  coal 
seam  being  steep,  the  main  heading  of  the  mine  for  1300  feet  is  a 
continuation  of  the  outside  incline  plane.  The  total  incline  inside 
and  out  is  3100  feet  of  single  track  of  Si  feet  gauge.  A  75-horse- 
power  double-cylinder  engine  with  double-brake  bands  operates  a 
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drum  four  feet  in  diameter  which  lets  down  6  loaded  cars  at  a  time 
from  the  top  of  the  inside  plane  to  the  tipple  and  lifts  the  same  num- 
ber of  empty  cars  from  the  tipple  to  the  top.  Forty-four  hundred 
feet  of  wire-rope  f-inch  thick  is  used  to  operate  the  haulage  system  of 
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Fig.  51. — Sketch  showing  Plan  of  Haulage  System,  Shamrock  Mine, 

Lonaconing  Coal  Company. 


this  mine.  The  steam  for  the  haulage  engine  is  supplied  by  two  up- 
right boilers  of  about  50-horsepower,  one  only  of  them  being  used  at 
a  time.  The  mine  cars  used  at  this  mine  are  of  the  pattern  most 
common  in  the  region  and  weigh  when  empty  about  1800  pounds 
and  when  loaded  about  2i  tons.     The  average  number  of  men  em- 
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ployed  in  1902  was  125  and  the  luaxiinum  daily  output  of  coal  450 
tons  of  2240  pounds.  Seven  horses  wore  used  in  hauling  the  coal  to 
the  top  of  the  inside  plane.  The  drainage  and  ventilation  are  Ix.^th 
natural.  For  ventilating  the  workings  a  wooden  stack  5  feet  l>y  0 
feet  square  and  about  »50  feet  high  j)ro(luces  a  natural  draught  with- 
out the  use  of  fire.  Xo  pumps  are  required.  Xo  coal-c*utting  ma- 
chinerv  is  used  and  the  coal  is  all  mined  by  pick-w^ork.  The  tipple 
is  side-  and  self-dumping  with  automatic  pin-puller  designed  bv 
George  Townsend. 

THE    COKOMANDEL    COAL    COMPANY. 

The  Coromandel  Coal  Company  owns  a  drift  mine  in  the  outcrop 
of  the  '"  Big  Vein  "  on  the  hill  above  and  on  the  east  side  of  the  town 
of  Lonaconiug.     The  mine  was  formerly  the  *'  liig  Vein  "  mine  of 
the  Xew  Central  Coal  Company.     The  tipple  on  the  east  branch  of 
the  Georges  Creek  and  Ciunberland  Railroad  is  close  to  the  entrance 
to  the  mine.     Twenty  men  and  3  horses  were  employed  in  1901  and 
1002  an<l  the  daily  capacity  of  the  mine  was  120  tons.     The  ventila- 
tion and  drainage  are  both  natural  and  horsepower  is  used  exclusively 
for  haulage.     The  coal  is  mined  by  hand  pick-work.     The  mine  ear'? 
weigh  1760  pounds  empty  and  hold  two  tons  live  hundred  weight  uf 
coal.     The  gauge  of  tracks  is  42  inches.     The  tipple  is  of  frame, 
dumping  sidewise  into  the  railroad  cars.     At  present  this  mine  is 
idle. 

G.  t'.  pattison's  mines. 

On  a  siding  on  the  main  line  of  the  Baltimore  and  Ohio  Itailroaa 
a  quarter  of  a  mile  west  of  Bloomington  Mr.  G.  C.  Pattison  oi»erates 
twx)  mines  under  a  lease  from  the  Emj)ire  Coal  Company  and  the 
Jones  and  Owens  estates,  and  the  coal  from  lx)th  is  ship}>ed  over  one 
tipple  which  has  a  sej>arate  chute  for  each  mine.  The  o^K'ning  m 
the  Lower  Kittanning  or  '"  Six-foot "  bed  is  a  drift  35  ft*ct  alK)ve  the 
level  of  the  Baltimore  and  Ohio  Railroad  and  is  connected  with  the 
ti])ple  by  a  short  tram  road.     Forty  men  were  employed  and  0  horiies 
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used  in  this  mine  in  1002  and  the  maximum  daily  capacity  was  200 
tons  of  coal.  The  drainage  is  natural  and  the  coal  is  mined  exclu- 
sively by  hand.  The  mine  is  ventilated  by  a  small  fan.  Where  the 
coal  bed  has  its  best  development  in  this  mine  it  shows  a  little  over 
four  feet.  The  roof  is  a  fire-(»lay  shale,  varying  in  thickness  from 
nothing  to  IS  inches,  above  this  tire-clay  is  a  strong  sandstone.  The 
bed  is  subject  to  squeezes  in  which  the  thickness  of  the  coal  is  con- 
siderably reduced  and  a  number  of  thin  clay  bands  have  been  en- 
countered  in  the  workings  of  the  mine. 

The  upper  mine  in  the  Bakerstown  or  ""  Four-foot  "  coal  bed  lies 
410  feet  immediately  above  the  opening  in  the  **  Six-foot  "  ted,  and 
is  connected  with  the  tipple  by  a  gravity  plane  1010  feet  long.  In 
this  mine  25  men  and  4  mules  were  worked  in  1901  and  its  maxi- 
mum daily  ca})acity  was  100  tons  of  coal.  The  thickness  of  the  coal 
bed  averages  28  inches  with  15  inches  of  bone  coal  above  it  and  about 
5  inches  of  bone  and  shale  below.  The  ventilation  and  drainage  are 
natural  and  the  coal  is  mined  by  pick-work.  The  mine  car  track  gauge 
of  both  mines  is  3^  feet.  The  mine  cars  weigh  1000  pounds  when 
empty  and  contain  1^  tons  of  coal. 

THE    MONROE   COAL    MINING    COMPANY. 

On  the  opposite  side  of  the  Potomac  river  from  Barnum  station 
on  the  West  Virginia  Central  Ilailroad,  8  miles  above  Westernport, 
the  ihmroe  Coal  Mining  Company  operates  two  drift  mines  on  the 
western  slope  of  the  Potomac  valley  syncline.  One  of  these  mines  is 
in  the  Lower  Kittanning  or  **  Six-foot  "  seam  and  was  formerly 
known  as  the  Barnum  mine  of  the  Watson-Loy  Coal  Company.  The 
other  mine  is  in  the  Bakerstown  or  **  Four-foot  "  vein  and  was  knowTi 
until  1902  as  the  Loy  mine  of  the  last-named  coal  company.  The 
river  has  been  bridged  and  the  coal  from  both  mines  is  brought  across 
to  the  tipple  on  the  W^est  Virginia  Central  Railroad  on  the  West  Vir- 
ginia shore.  The  level  of  the  o])eniiig  in  the  '"  Six-foot  "  vein  is  just 
high  enough  to  give  a  descending  grade  suitable  for  mule  haulage 
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from  the  mine  to  the  tipple.  The  ^'  Four-foot "  seam  is  high  up  on 
the  hill  above  the  river  and  required  a  gravity  plane  1350  feet 
long  and  a  tram  road  at  the  top  of  the  plane  to  connect  the  mine  with 
the  tipple.  Thirty  men  are  employed  in  each  mine,  and  four  mules 
are  used  in  each  for  haulage  purposes,  the  maximum  daily  output  of 
each  being  150  tons  of  coal.  The  railroad  siding  has  room  for  eight 
empty  cars  and  will  be  extended  to  connect  with  the  West  Virginia 
Central  Railroad  above  as  well  as  below  the  tipple. 


Zntroftce  to 


Fig.  52. — Tipple  of  the  Barnum  and  Loy  Mines,  Monroe  Mining  Company. 

The  equipment  of  the  Barnum  mine  consists  of  two  horizontal 
boilers  of  125  horsepower  each.  These  supply  an  IngersoU-Sergeant 
straight-line  air  compressor,  which  in  turn  operates  five  Harrison 
coal-cutting  machines  which  are  used  in  the  mine  in  the  lower  "  Six- 
foot  "  coal  bed.  The  air  compressor  has  a  24  x  36-inch  steam  chest 
and  a  capacity  of  1400  cubic  feet  of  air  per  minute.  The  boilers, 
compressor,  and  its  receiver,  the  latter  being  30  inches  in  diameter 
and  22  feet  long,  are  located  on  the  West  Virginia  shore  near  tbe 
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tipple,  and  the  compressed  air  is  conveyed  across  the  Potomac  river 
through  a  6-inch  pipe  supported  by  a  wire  suspension  bridge.  The 
6-inch  pipe-line  extends  600  feet  into  the  mine  in  the  lower  "  Six- 
foot  "  seam,  where  it  is  reduced  to  4  inches  diameter.  Pipes  Lj 
inches  in  diameter  lead  into  the  rooms  and  supply  air  to  work  the 
coal-cutting  machines.  The  coal  in  the  upper  or  "  Four-foot "  seam 
is  mined  by  pick-work.  The  coal  for  the  boilers  is  run  down  a  short 
incline  from  the  tipple  to  the  boiler  house  and  the  empty  cars  are 
hoisted  up  this  incline  and  returned  to  the  tipple  by  a  small  hoisting 
engine  stationed  in  the  boiler  house.  The  engine  winds  a  wire-rope 
which  passes  around  a  bull-wheel  at  the  top  of  the  incline. 

Besides  the  main  chute  the  tipple  has  an  additional  chute  for  load- 
ing wagons  for  local  use.  The  main  chute  is  constructed  with  a  fold: 
ing  bottom  Avhich  can  be  lifted  or  folded  and  the  coal  loaded  into  box 
cars  on  the  second  track  of  the  railroad  siding  which  passes  under  the 
tipple.  In  addition  to  the  steps  for  the  use  of  the  men  with  which 
tipple  structures  are  usually  provided,  the  tipple  of  this  company  has 
an  incline  which  is  intended  as  a  travelling  way  for  mules  to  and  from 
the  mines. 

The  room  and  pillar  system  of  mining  is  used  in  both  of  the  mines 
of  the  Monroe  Coal  Mining  Company.  The  main  entries  are  9  feet 
wide  with  pillars  of  coal  76  feet  between  the  entry  and  the  air  courses. 
Branch  entries  are  15  feet  wide  with  pillars  of  coal  30  feet  wide  be- 
tween the  parallel  entries.  Rooms  are  driven  46  feet  wide  with  a 
track  on  each  side  of  them  and  the  slate  and  dirt  is  "  gobbed  "  in  the 
center  of  the  rooms.     The  pillars  between  rooms  are  46  feet  wide. 

The  rooms  are  usually  300  feet  long.  Three  hundred  and  forty 
feet  is  left  between  each  pair  of  branch  entries  and  a  pillar  of  40 
feet  is  allowed  to  remain  between  the  end  of  the  rooms  and  the  air 
courses  to  protect  the  latter  imtil  the  pillars  are  dra\vn.  In  the  "  Six- 
foot  "  seam  the  height  of  the  coal  is  sufficient  to  afford  head  room  for 
men  and  mules  without  taking  do^vn  the  roof,  while  in  the  upper 
"  Four-foot "  seam  two  feet  of  the  roof  is  taken  down  in  headings. 
The  coal  seam  in  the  Bamum  mine  is  over  five  feet,  with  slaty  part- 
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ings  and  some  bony  coal,  while  scarcely  three  feet  of  workable  coal 
is  found  in  the  Bakerstown  seauL 

The  workings  of  the  "  Six-foot "  vein  are  ventilated  by  a  fan  10 
feet  in  diameter  having  a  capacity  of  40,000  cubic  feet  per  minute. 
Compressive  ventilation  is  used,  the  fan,  however,  is  constructed  to 
either  exhaust  the  air  from  the  mine  or  force  it  into  it.  A  furnace 
and  stack  ventilate  the  mine  in  the  upper  ''  Four-foot  "  seam.  Both 
mines  have  natural  drainage.  The  gauge  of  mine  car  tracks  is  42 
inches.  The  cars  used  on  the  lower  mine  have  a  capacity  of  one  ton 
fifteen  hundred  w'eight  and  weigh  1100  pounds  when  empty.  Those 
used  in  the  upper  mine  contain  one  ton  four  hundred  weight  and 
weigh  when  empty  1)00  pounds.  The  mine  cars  are  constructed  with 
four  iron  bands  surnmnding  the  body  of  the  car.  Those  used  in  the 
lower  or  "  Six-foot "  bed  have  double  brakes,  those  of  the  upper  or 
"  Four-foot  "  seam  have  single  brakes. 

THE   UPPER  POTOMAC    MIXIXG   COMPANY. 

The  Upper  Potomac  Mining  Company  in  1902  made  three  drift 

openings  in  the  Franklin  or  ''  Split-six  ■'  coal  bed  on  the  Maryland 

side  of  the  north  branch  of  the  l^otomac  river.     The  tipple  of  these 

mines  is  on  the  West  Virginia  Central  Railroad  between  Harrison 

and  Schell  stations.     The  coal  is  brought  do^vn  a  gravity  plane  and 

over  the  Potomac  river  by  a  bridge  to  the  tipple.     The  latter  has  a 

plain  wooden  structure  with  the  short  chute  characteristic  of  West 

Virginia  Central  operations,  dumping  endways  into  the  railroad  cars. 

The  company  have  a  numlier  of  miners'  houses  on  the  hill  on  the 

Maryland  side  of  the  river  and  mine  from  20  to  25  tons  of  coal  per 

day.     The  mines  are  naturally  drained  and  ventilated, 
t^  « 

THE    DATESMAX    COAL    COMPANY. 

At  Stoyer  station  is  a  small  operation  (Alice  Xo.  1  mine)  belong- 
ing to  the  Datesman  Coal  Company.  This  is  a  drift  in  the  Lower 
Kittanning  or  ""  Six-foot  "  seam.  It  is  not  worked  continuously  and 
w^as  idle  when  visited. 
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THE  STOYER   RUN   COAL  COMPANY. 

Stoyer  No,  2  mine, — A  short  distance  up  the  West  Virginia  Cen- 
tral Railroad  above  the  latter  is  Datesman  mine  which  I  believe  be- 
longs to  the  same  company.  This  is  likewise  a  drift  in  the  Lower 
Kittanning  or  ''  Six-foot  "  seam  w^hich  has  a  binder  of  some  thickness 
in  j)arts  of  the  seanu  It  was  worked  some  years  ago  but  for  the  last 
ten  years  it  has  been  idle  more  or  less  of  the  time.  In  1904  it  re- 
ported  a  daily  output  of  75  tons  a  day.  The  work  is  all  pick-work, 
no  machines  being  used. 

THE  BLAINE   MINING   COMPANY  AND  GARRETT  COUNTY  COAL  AND  MIN- 
ING  COMPANY. 

At  Dill,  between  Blaine  and  Harrison,  on  the  West  Virginia  Cen- 
tral liailroad,  \\)  miles  southwest  of  Westernport,  the  Blaine  ;^[ining 
Company  and  the  Garrett  County  Coal  and  ilining  Company  each 
operate  a  drift  mine  in  the  Lower  Kittanning  or  **  Six-foot ''  seam  on 
the  Alarvland  side  of  the  Potomac  river.  The  coal  from  these  mines  is 
run  across  a  bridge  over  the  Potomac  river  to  a  double  siding  on  the 
West  Virginia  Central  Railroad  on  the  West  Virginia  shore.  The 
bridge  and  tipple,  although  but  one  structure  serving  for  the  two 
mines,  has  double  tracks,  scales,  and  dumps  so  that  the  output  of  each 
can  be  weighed  and  loaded  into  separate  cars  on  the  railroad  siding. 
The  tipple  structure  is  but  14  feet  above  the  tracks  of  the  railroad 
siding  and  has  no  chutes,  the  coal  being  dumped  directly  into  the 
railroad  cars.  The  sidings  hold  8  em])ty  and  8  loaded  railroad  cars 
for  each  mine. 

The  Blaine  Mining  Company's  mine,  lying  about  one-third  of  a 
mile  west  of  the  Potomac  river,  is  connected  with  this  tipple  by  a 
gravity  plane  1125  feet  long  and  a  tram  road  1100  feet  in  length, 
the  latter  being  of  easy  grade  and  leading  from  the  foot  of  the  plane 
across  the  bridge  to  the  ti])ple  on  the  AVest  Virginia  side.  At  the 
landing  at  the  foot  of  the  plane  the  rope  is  disconnected  from  the 
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"  trip  ''  of  four  loaded  cars  and  the  "  trip  "  is  run  into  the  tipple  by 
gravity,  controlled  by  a  brakeman.  The  empty  cars  are  returned  to 
the  bottom  of  the  plane  by  a  horse  and  driver.     The  drift  opening 


Fig.  53. — Tipples  of  the  Blaine  Mining  Company  and  Garrett  County  Coal 

Company,  at  Dill. 


is  just  far  enough  from  the  top  of  the  plane  to  aflFord  trackage  roo' 
for  cars.     Sixty-five  men  and  6  horses  are  used  in  this  operation 
produce  a  maximum  daily  output  of  200  tons  of  coal.     The  mine  i: 
drift  and  the  coal  worked  to  the  rise  with  entries  and  rooms  in  fa' 


to 
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of  the  loaded  cars.  The  haulage  is  done  by  horses  and  the  drainage 
is  natural.  Some  heavy  grades  are  encountered  in  the  workings. 
The  coal  bed  averages  5  feet  in  thickness  with  two  slate  partings 
about  one  inch  thick  dividing  the  coal  bed  into  three  nearly  equal 
benches.  The  room  and  pillar  system  of  mining  is  used.  The  double 
parallel  entries  have  pillars  60  feet  thick  between  them.  The  main 
heading  is  10  feet  wide.  Branch  headings  are  16  feet  wide  and  air 
courses  18  feet.  Rooms  are  driven  18  feet  wide  and  have  pillars  of  40 
feet  between  them.  The  length  of  the  rooms  or  the  distance  from 
one  heading  to  the  air  courses  of  the  heading  is  300  feet. 


•_  O 


Fio.  54. — Track  Arrangement  of  the  Blaine  Mining  Company. 

In  the  headings  12  to  15  inches  of  lire-clay  rock  above  the  coal 
bed  is  taken  out  and  10  to  12  inches  of  coal  above  the  fire-clay  so  that 
the  headings  will  average  7^  feet  in  height.  The  course  of  the  main 
heading  is  K.  44"  W.  That  of  butt  entries  to  the  right  is  N.  16°  E., 
and  of  butt  entries  to  the  left  S.  60^  W.  The  rooms  are  driven  X.  44*^ 
W.  or  parallel  to  the  main  entry.  The  coal  is  mined  entirely  by  pick- 
work.  The  mine  is  ventilated  naturally,  assisted  by  a  fan  at  the  drift 
mouth  100  yard^  or  more  northeast  of  the  main  opening.  The  mine 
cars  have  a  capacity  of  a  ton  and  a  half  of  coal  each  and  weigh  1200 
pounds  when  empty.  They  are  constructed  with  three  strap-iron 
binders,  and  most  of  them  are  furnished  with  double  brakes,  the  bar 
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passing  unJenieath  and  operating  upon  both  wheels  ou  each  side  of 
the  car.     The  gauge  of  mine  car  tracks  is  three  feet. 

The  Garrett  County  Coal  and  Mining  Company's  mine,  known 
as  Dill  Xo.  1,  is  a  drift  opening  in  a  tract  of  the  Lower  Kit  tanning 
or  '"  Six-foot ''  seam,  which  lies  along  the  frontage  of  the  ^laryland 
shore  of  the  Potomac  river.  The  mine  is  separated  from  the  Blaine 
Mining  Company's  mine  by  a  ravine  which  has  cut  out  the  coal  bed 
and  divided  them  into  two  distinct  oi)erations.  A  tram  road  leads 
from  the  drift  to  the  top  of  the  plane.  The  plane  lands  the  loaded 
mine  cars  at  the  western  end  of  the  bridge  alongside  of  the  track  of 
the  Blaine  Company,  whence  they  are  run  over  the  bridge  to  the  tij)ple 
by  gravity  and  are  returned  to  the  bottom  of  the  plane  by  horses.  The 
plane  has  three  rails  and  the  gauge  of  the  track  is  3  feet.  The  coal 
bed  is  worked  to  the  rise  and  the  mine  is  therefore  naturallv  drained 
and  ventilated  and  the  coal,  which  is  of  about  the  same  thickness  as 
that  in  the  Blaine  Company's  mine,  is  cut  by  pick-w^)rk. 

At  Dodson,  about  a  mile  above  Harrison  on  the  West  Virginia  Cen- 
tral Railroad,  the  Garrett  County  Coal  and  Mining  Company  in  1902 
operated  a  mine  in  the  **  Six-foot  "  seam  on  the  3klaryland  side  of  the 
Potomac  river  w^hei*e  they  have  built  a  bridge  across  the  river  to  bring 
the  coal  to  a  tipple  on  the  AVest  Virginia  Central  Kailroad.  The 
'"  Three-foot  "  or  Upper  Freeport  seam  at  this  locality  shows  52  inche.^ 
of  coal  and  it  is  the  intention  of  the  company  to  operate  it  as  well 
as  the  '*  Six-foot "  seam.  The  company  have  built  a  numl>er  of 
miners'  houses. 

THE  DAVIS  COAL  AXD  COKE  COMPANY. 

The  Davis  C^oal  and  (.'oke  Company  operates  a  set  of  openings  in 
the  outcrop  of  the  ''  Big  Vein  ''  on  Franklin  Hill,  w-hich  lies  between 
Georges  Creek  and  Savage  river.  The  openings  are  knoAvn  as  th< 
Franklin,  Scrap,  and  Buckhorn  mines.     The  coal  is  brought  to  th< 


tipple  on  the  West  Virginia  Central  Railroad  about  two  miles  abov 
Piedmont,   West  Virginia,  by  a  series  of  tram  roads  and  gravit.^' 
planes.     The  mine  employed  80  men  in  1902,  and  the  maximun? 
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daily  production  was  300  tons  of  coal.  The  thickness  of  the  coal  is 
13  feet  with  a  2-inch  slate  parting  about  2^  feet  from  the  bottom  of 
the  coal  bed.  The  mine  is  naturally  drained  and  ventilated  and  the 
coal  is  mined  exclusively  bv  pick-work.  Twelve  horses  are  used  for 
haulage  purposes.  The  mine  cars  weigh  when  empty  1700  pounds 
and  have  a  capacity  of  2  J  tons  of  coal.  The  gauge  of  mine  car  tracks 
is  42  inches. 

The  Buxton  mine,  operated  by  the  Davis  Coal  and  Coke  Company, 
is  a  drift  in  the  Lower  Kittanning  or  *'  Six-foot  "  coal  bed,  on  the 
east  side  of  the  north  branch  of  the  Potomac  river  at  the  mouth  of 
Savage  river,  two  miles  alx)ve  Westernport.  The  coal  from  both  the 
Franklin  and  Buxton  mines  of  the  Davis  (^al  and  Coke  Company 
is  brought  across  the  Potomac  river  to  the  tipple  on  the  West  Virginia 
Central  Railroad.  Prom  the  Jiuxton  mine  the  coal  is  lowered  to  the 
tipple  and  the  empty  cars  raised  to  the  mine  over  an  inclined  plane. 
The  engine  used  for  this  purpose  is  supplied  with  steam  by  an  80- 
horsepower  tubular  boiler.  The  coal  operated  is  about  5 J  feet  from 
the  bottom  of  the  coal  lx?d  with  a  streak  of  bonv  coal  4  to  6  inches 
thick  about  8  inches  from  the  roof.  A  **  draw  slate  "  from  2  to  4 
inches  lies  immediately  above  the  coal,  above  which  there  is  a  good 
ro(^f. 

One  hundred  and  fifty  men  were  employed  in  the  Buxton  mine  in 
1002  and  the  development  of  the  mine  was  sufficient  to  produce  575 
tons  of  coal,  which  is  mined  exclusively  by  pickwork.  For  under- 
ground haulage  18  mules  were  required.  The  mine  cars  weigh  1000 
poimds  when  em])ty  and  have  a  capacity  of  \\  tons  of  coal.  The 
gauge  of  track  used  is  42  inches.  For  ventilation  a  fan,  10  feet  in 
diameter,  forces  air  into  the  workings.  Two  pumps,  with  capacities 
of  100  gallons  per  minute  each,  are  used  for  drainage.  The  present 
daily  output  of  the  Buxton  mine  is  nearly  1000  tons  of  coal. 

At  TTenry,  West  Virginia,  just  across  the  Maryland  line  near  the 
southeastern  corner  of  Garrett  county,  the  Davis  Coal  and  Coke  Com- 
pany in  1901  and  1002  ^ank  two  shafts  to  the  Thomas  and  the  Davis 
coal  beds,  as  the  Upper  Freeport  or  *^  Three-foot  "  and  the  Lower  Kit- 
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tanning  or  "  Six-foot "  seams  are  respectively  called  by  that  corpo- 
ration. An  area  of  coal  lying  beneath  the  Maryland  side  of  the  Po- 
tomac river  will  eventually  be  worked  from  this  plant,  but  as  yet 
and  for  many  years  to  come  the  workings  of  this  mine  wnll  be  confined 
to  the  coal  which  lies  beneath  the  surface  of  the  State  of  West  Vir- 
ginia. At  this  plant  each  of  the  above-named  coal  beds  is  opened 
to  produce  600  tons  of  coal  per  day.  When  the  mines  in  both  seams 
are  developed  to  their  full  capacity  the  company  expect  to  hoist  4000 
tons  of  coal  daily  from  these  shafts.  x\t  present  only  the  upper  or 
"  Thomas  "  (Upper  Freeport)  coal  bed  is  worked.  The  Upper  Free- 
port  coal  bed  at  this  mine  has  on  an  average  3  feet  3  inches  of  coal 
above  which  is  a  succession  of  thin  strata  of  bone  coal  and  soft  coal 
to  a  total  height  of  5  feet  from  the  bottom  of  the  coal  bed.  Above 
this  is  a  tough  sand  rock  which  makes  an  excellent  roof.  The  Upper 
Freeport  or  "'  Thomas  "  coal  lies  198  feet  beneath  the  surface  at  the 
Twin  Shaft  (No.  2).  It  is  reached  and  operated  through  two  of  the 
hoisting  compartments  of  the  Twin  Shaft.  The  other  two  of  the 
hoisting  compartments  of  this  shaft  extend  from  the  surface  down- 
ward 419  feet  to  the  Lower  Kittanning  or  "  Davis  "  coal  bed.  This 
coal  bed  has  an  average  of  43  inches  of  coal  in  the  lower  bench  and  30 
inches  in  its  upper  bench.  The  two  benches  are  separated  by  a  binder 
of  variable  thickness. 

No.  1  shaft  has  three  compartments  7  x  12  feet,  two  hoistways,  and 
one  airway.  The  hoistways  are  used  to  raise  and  lower  men  and 
supplies  to  both  seams.  The  shaft  is  432  feet  deep  and  is  sunk  7 
feet  below  the  bottom  of  the  Davis  coal  bed.  Run-of-mine  coal  can 
be  loaded  on  two  railroad  tracks  from  the  tipple  of  Shaft  No.  1. 
The  latter  is  100  feet  from  the  shaft  and  is  connected  with  the  main 
boiler  plant  by  a  steel  trestle.  A  lorrie,  operated  by  a  trolley,  de- 
livers coal  over  the  trestle  to  the  boilers.  The  boiler  plant  consists  of 
six  150-horsepower  steam  tubular  boilers  and  one  Stilwell-Pierce 
and  Smith- Vaile  heater  No.  6. 

The  power-house  equipment  is  one  TngersoU-Sergeant  straight-line 
compressor,  24  x  30  inches,  which  supplies  air  through  a  6-inch  pipe- 
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line  to  11  IngersoU-Sergeant  coal-cutting  machines.  One  Westing- 
house  generator,  75-horsepower,  used  for  operating  the  conveying 
machinery  of  the  tipple  and  for  lighting  the  town.  One  Ballwood 
engine  and  a  Bullock  generator  of  200  horsepower  are  used  for  run- 
ning a  13-ton  electric  motor  in  mine.  The  hoisting  engines  of  both 
shafts  are  run  by  steam,  supplied  from  the  boiler  plant  through  7- 
inch  pipes  which  branch  from  the  main  10-inch  line.  The  hoisting 
engines  of  No.  1  shaft  are  geared  and  its  winding  drums  are  7  feet 
in  diameter  and  3  feet  wide.  A  geared  clutch  on  one  of 
these  drums  controls  the  length  of  rope  and  allows  the  engineer  to 
lift  at  will  from  either  seam  with  either  cage.  For  shaft  No.  2  of  the 
main  hoisting  shaft,  there  are  two  sets  of  24  x  36-inch  direct-acting 
hoisting  engines  equipped  with  steam  emergency  brakes,  safety  hand 
brakes,  and  a  steam  reversing  brake.  The  winding  drums  of  shaft 
No.  2  are  7  feet  in  diameter  and  8  feet  long.  At  both  shafts  l^-inch 
steel  ropes  are  used  for  hoisting  cages.  Both  mines  are  ventilated  by 
a  fan  13  feet  2  inches  by  7  feet  of  Capell  pattern.  The  fan  is  located 
at  shaft  No.  1,  is  driven  by  a  16  x  19-inch  direct-connecting  engine, 
and  is  constructed  to  either  force  or  exhaust  the  air.  The  fan  struc- 
ture is  of  brick  with  a  sheet-iron  cover. 

Two  16  X  9  X  18-inch  Smith- Vaile  pimips,  operated  by  steam,  lift 
the  water  from  "  sump  "  of  the  lower  coal  bed  to  the  "  sump  "  of  the 
upper  seam.  One  of  these  pumps  is  usually  sufficient  to  keep  the 
mine  in  the  lower  seam  free  from  water.  The  second  pump  is  only 
used  in  cases  of  emergency.  At  the  '^  sump  "  of  the  upper  seam, 
which  is  located  close  to  shaft  No.  1,  two  24  x  12  x  30-inch  Young 
pumps  with  12-inch  suction  and  10-inch  discharge  are  installed  and 
lift  the  water  of  both  mines  to  the  surface.  The  capacities  of  each 
of  the  two  last-named  pumps  is  600  gallons  per  minute,  only  one  of 
them  is  now  needed  to  keep  the  mine  free  from  water. 

The  underground  workings  in  both  the  Upper  Freeport  or 
"  Thomas  "  and  Lower  Kittanning  or  "  Davis  "  coal  beds  are  devel- 
oped upon  the  same  plan.  Near  the  shafts  two  sectional  headings 
diverge  120°  from  each  other.     Off  of  the  sectional  headings  butt 
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entries  are  driven  with  point  lines  GO  feet  apart.     Koonis  are  made  20 
feet  wide  or  the  width  of  five  cutting  machine  hoards.     A   K3-toii 
electric  motor  is  used  for  haulage  in  the  mine  in  the  Upper  FreeiK»rt 
seam.     The  main  undergr(mnd  motor  tracks  of  this  mine  are  laid 
with  5G-pound  T-iron  and  the  mine  cars  are  huilt  to  contain  1.7  tnua 
of  coal.     The  coal  from  the  main  hoisting  shaft  No.  2  first  ])a»scs 
over  a  screen  and  is  delivered  into  the  picking  tahles  where  the  slate 
is  taken  <nit  hv  hand.     The  cleaned  coal  then  is  loaded  into  the  rail- 
road  cars.     The  picking  tables  are  run  by  electric  motors  at  a  slow 
speed.     The  slate  taken  from  the  coal  on  the  ]>icking  tables  is  con- 
veyed by  l)elts  to  bins  fnmi  which  it  is  loaded  into  cars  and  taken  to 
the  slate  dump. 


THE    CHEMICAL    AND     HEAT-PRODUCING 
PROPERTIES    OF    MARYLAND    COALS 

BY 

W.  B.  D.  PENNIMAN  and  ARTHUR  L.  BROWNE 


INTKODUCTOKY. 

It  is  the  purpose  of  the  present  paper  to  give  a  brief  outline  of 
the  investigations,  whose  results  are  tabulated  in  succeeding  pages, 
and  to  give  an  explanation  of  the  various  terms  employed  in  describ- 
ing the  chemical  and  heat-producing  properties  of  the  Maryland 
coals.  The  arrangement  of  the  results  by  seams  in  each  basin  and 
the  discussion  of  the  samples  in  a  geographic  order  from  north  to 
south  was  introduced  to  bring  out  whatever  properties  might  be  char- 
acteristic for  a  given  seam  or  basin  and  to  accentuate,  if  any  such  fact 
existed,  the  regularity  of  change  in  properties  from  one  portion  of  a 
basin  to  another.     A  studv  of  the  tables  shows  that  the  coals  of 

a. 

ilaryland  are  remarkably  similar  whether  they  be  considered  by 
basins,  seams,  or  geographic  arrangement.  Afinor  features  have 
been  noted,  es})ecially  in  the  Pittsburg  or  '*  Big  Vein  "  seam,  but 
these  changes  across  the  basin  have  been  so  slight  that  local  variations 
from  single  localities  may  obscure  them  and  thereby  render  of  no 
practical  value  the  applicaliim  of  general  changes. 

Preparation  of  Samples. 

The  preparation  of  samples  f(»r  a  testing  of  their  chemical  and 
heat-producing  properties  involves  a  careful  selection  of  samples  in 
the  mines  which  shall  represent  the  character  of  the  seam  as  furnished 
to  the  market ;  and  a  thorough  mixing  and  subdivision  of  the  larger 
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samples  to  those  suitable  for  laboratory  tests  in  order  that  the  results 
may  represent  average  and  not  exceptional  conditions.  The  samples 
were  collected  by  geologists  of  the  State  Survey  and  prepared  by  the 
writers. 

The  method  employed  in  obtaining  the  samples  was  as  follows: 
The  visiting  geologist  had  a  groove  cut  from  the  top  to  the  bottom 
of  the  seam,  or  part  of  the  seam,  from  which  a  sample  was  desired 
The  material  thus  obtained  by  cutting  such  a  groove  was  then  sorted 
by  hand,  and  the  "  bone "  and  '*  shale "  usually  rejected  by  the 
miner'  was  discarded.     The  rest  of  the  material,  representing  the 
coal  as  prepared  for  the  market,  was  then  piled  upon  a  clean  floor, 
the  large  lumps  were  broken,  and  the  whole  well  mixed  and  **  quar- 
tered,'' two  quarters  being  rejected.     This  mixing  and  "  quartering'* 
was  repeated  until  there  remained  but  a  small  bulk  of  coal.     This 
was  then  placed  in  tight  preserving  jars,  properly  labelled,  one  jar 
being  sent  to  the  laboratory  for  examination,  another  jar  being  re- 
tained in  the  collections  of  the  Survey  as  a  record  and  protection 
against  accidental  loss  of  samples. 

The  samples  thus  furnished  to  the  laboratory  were  prepared  for 
final  testing  in  the  following  manner :  Each  sample  was  put  through 
a  grinder  and  the  crushed  material  was  then  thoroughly  mixed  and 
quartered  until  the  coal  was  reduced  to  a  quantity  just  sufficient  for 
the  various  examinations. 

Analyses. 

The  chemical  properties  of  the  coals  were  determined  by  analyses, 
which  were  classified  as  proximate  and  ultimate.  The  former  give  a 
close  approximation  of  the  heat-producing  and  commercial  values  of 
the  coal,  the  latter  the  actual  chemical  constituents  which  go  to  make 
up  the  coal. 

As  the  proximate  analysis  is  the  one  employed  in  commercial  trans- 
actions, all  of  the  analyses  made  were  of  this  type. 

^  This  report,  page  539. 


MAKYLAND    GEOLOGICAL    SURVEY  621 

PROXIMATE  ANALYSES. 

The  proximate  analysis  of  coal  is  conducted  in  this  country  by 
an  empirical  method,*  the  following  five  determinations  being  made: 

1.  **  Moisture,"  that  is,  the  water  present  in  the  coal. 

2.  "  Volatile  Carbon,'*  that  is,  the  combustible  material  driven 
from  the  coal  by  heating  to  a  red  heat  in  a  closed  vessel. 

3.  "  Fixed  Carbon,''  that  is,  the  combustible  material  which  is  not 
driven  from  the  coal  when  it  is  heated  to  a  red  heat  in  a  closed  vessel. 

4.  **  Ash,"  that  is,  the  non-combustible  mineral  material  remain- 
ing when  the  coal  is  completely  burned. 

5.  "  Sulphur,"  that  is,  the  total  amount  of  sulphur  present  in  the 
coal. 

These  five  determinations  are  made  in  the  following  manner : 

1.  A  weighed  amount  of  the  prepared  sample  of  coal  is  placed  in 
an  oven  heated  to  a  temperature  of  220"^  F.  to  225°  F.  and  kept  there 
one  hour,  during  which  time  the  moisture  is  driven  off.  The  coal  is 
then  weighed,  and  the  loss  in  weight,  if  any,  is  indicated  as  moisture. 
This  moisture  is  indicated  in  the  tables  by  the  symbols  "  HoO." 

2.  Another  portion  of  the  prepared  sample  of  coal  is  weighed  and 
placed  in  a  weighed  platinum  crucible,  which  crucible  has  a  closely 
fitting  lid.  This  crucible,  with  the  lid  on,  is  heated  to  a  red  heat  for 
seven  minutes,  during  which  the  volatile  gases  are  driven  off,  the 
sample  and  crucible  are  then  cooled  and  w^eighed.  The  loss  in 
weight  is  the  moisture  plus  the  volatile  carbon;  deducting  from  this 
loss  in  weight  the  moisture  as  determined  above,  the  difference  rep- 
resents the  volatile  carbon.  This  is  indicated  in  the  tables  by  the 
symbols  "  V.  C." 

3.  This  same  portion  of  coal  after  the  moisture  and  volatile  car- 
bon have  been  exi)elled,  is  heated  in  the  crucible,  with  the  lid  re- 
moved, until  no  more  combustible  material  remains.  The  crucible  is 
then  weighed,  the  loss  in  Avoight  representing  the  fixed  carbon.  This 
is  indicated  in  the  tables  bv  the  svmbols  "  F.  C" 

'Report  of  the  Committee  on  Coal  Analysis.  Jour.  Amer.  Chem.  Soc,  vol. 
xxi,  No.  12,  pp.  1116-1132.  1899. 
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4.  From  this  last  weight  is  deducted  tlie  weight  of  the  crucible, 
the  difference  giving  the  weight  of  the  ash.  This  is  indicated  in  the 
tables  by  the  symbol  "'  A." 

5.  For  the  determination  of  the  sulphui'  a  third  portion  of  the 
prepared  sample  of  coal  is  weighed  and  mixed  with  sodium  carbon- 
ate and  magnesium  oxide  and  burned  to  an  ash.  These  chemicals 
retain  all  the  sulphur  in  a  condition  readily  estimated  by  suitable 
analytical  methods.  This  sulphur  is  indicated  in  the  tables  by  the 
svmbol  **  S.*- 

c 

ULTIMATE  ANALYSES. 

The  ultimate  analysis  of  coal  means  the  determination  of  the  ele 
ments  which  enter  into  its  composition.  This  is  accomplished  by 
burning  the  coal  under  suitable  precautions  for  catching  and  measur- 
ing the  various  products  formed  and  from  the  weights  or  volumes  of 
these  products  the  amount  of  each  constituent  is  determined. 

Calorific  or  Heating  Value. 

The  determination  of  the  calorific  or  heating  value  of  coal  is  made 
by  burning  a  weighed  amount  of  the  prepared  sample  in  a  strong, 
closed  vessel,  called  a  "  bomb,"  the  latter  being  completely  submerged 
in  water.  The  heat  produced  by  the  burning  of  the  coal  is  trans- 
ferred to  the  water  and  the  temperature  of  the  water  before  and  after 
the  burning  of  the  coal  is  then  determined.  The  increase  in  tempera- 
ture is  a  measure  of  the  heat-producing  power  of  the  coal.  This  is 
a  delicate  operation,  requiring  complicated  and  expensive  instru- 
ments. 

The  thermometers  used  in  this  work  were  standardized  bv  the 
Physical  Department  of  the  Johns  Hopkins  University,  using  the 
hydrogen  scale.  All  these  determinations  of  heat  values  were  made 
at  room  temperatures  (15^  C  to  25^  C).  The  particular  instru- 
ment used  in  these  determinations  was  a  calorimeter  constructed  for 

the  Survev  bv  Mr.  Ilenrv  J.  Williams  of  Boston.' 
It  > 

•New  England  Railway  Club,  meeting  of  Dec.  13tli,  1898;  Chas.  L.  Reese, 
Popular  Science,  Aug..  1899. 
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A  brief  <U'»(iriptioii  of  this  instniiiicnt  ami  its  use  are  set  fortli  here. 
There  are  four  principal  parts  td  this  instriiinent,  which  may  be 
dcsigiiated  as  follows:  an  outer  duuble-walled  vessel  called  the  jacket, 
an  inner  metallic  can  called  the  calorimeter  can,  a  rovolvinfj  stirrer, 


Flu.  55. — Williams'  calorimeter  and  accessories  used  In  testing  the  heating 
value  ot  MarylaDd  coals. 

and  the  bomb.  The  unter  ilonble-wnlled  vessel  is  abont  twelve  inches 
in  external  diameter  and  seven  inches  inside  diameter.  It  in  (-(jvered 
e.vferimlly  by  a  biyer  of  felt  and  oilcloth,  to  pnard  against  ehanfjes  of 
teniperatnre  dne  to  cmtside  intlnences;  there  is  a  thickly  padded  top 
tliat  fits  over  tile  whide.  Hetween  the  walls  of  this  vessel  is  water  as  a 
fnrtber  proteetioii  against  changes  dne  to  external  influenees. 
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The  inner  or  calorimeter  can  is  made  of  highly  polished  metal  with 
a  projection  on  one  side  to  admit  the  stirrer.  This  can  rests  upon  a 
tripod  of  non-conducting  material,  which  lies  within  the  jacket  in 
such  a  way  as  to  prevent  contact  between  the  calorimeter  can  and 
the  outer  vessel.  The  calorimeter  can  has  a  metallic  lid,  which,  when 
placed  upon  it,  leaves  a  space  of  about  an  inch  between  it  and  the 
inner  wall  of  the  jacket,  thus  giving  to  the  contents  of  the  can  the 
further  protection  of  this  stratum  of  air. 

The  stirrer  consists  of  two  propellers  placed  upon  a  vertical  shaft, 
rotated  by  an  electric  motor.  This  shaft  passes  dow^n  through  the 
bottom  of  the  cylinder,  about  five  inches  above  an  opening  in  the  side 
of  the  cylinder.  When  the  stirrer  is  set  in  motion  the  propellers  lift 
the  water  from  the  bottom  of  the  can  and  discharge  it  through  the 
side  opening  of  the  cylinder,  thus  insuring  thorough  mixing. 

The  "  bomb  "  is  a  hollow  sphere,  with  a  threaded  neck,  into  which 
screw^s  a  top  carrying  a  small  check  valve.  This  top  is  screwed  into 
the  neck  of  the  bomb,  upon  a  soft  tin  washer  by  a  large  lever  wrench, 
until  a  gas-tight  joint  is  made.  The  bomb  is  made  of  aluminium 
bronze  to  withstand  high  pressures,  and  lined  on  the  inside  with  gold 
to  prevent  corrosion. 

The  use  of  this  instrument  in  determining  the  calorific  value  of 
a  coal  is  briefly  as  follows:  A  quantity  of  the  prepared  sample 
is  compressed  into  a  tablet,  which  is  then  accurately  weighed  and 
placed  in  a  platinum  crucible,  a  fine  platinum  wire  being  adjusted 
so  as  to  touch  this  tablet  of  coal,  when  the  crucible  is  suspended  in  the 
bomb.  After  the  top  of  the  bomb  is  screwed  tight  upon  the  tin  washer, 
pure  oxygen  gas  is  admitted  through  the  check-valve  until  the  pres- 
sure of  the  gas  inside  the  bomb  reaches  three  hundred  and  fifty 
pounds  per  square  inch.  The  bomb  is  then  placed  in  the  calorimeter 
can  and  a  weighed  amount  of  water  poured  around  it.  The  stirrer 
is  then  adjusted  and  the  covers  of  the  can  and  jacket  properly  closed. 
A  very  sensitive,  accurately  standardized  thermometer  is  passed 
through  holes  provided  in  the  two  covers,  into  the  water  in  the  calor- 
imeter can,  the  stirrer  is  set  in  motion  and  the  temperature  of  this 
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water  is  carefully  taken,  using  a  telescope  to  read  the  thermometer. 
Then  by  an  electric  current  the  fine  platinum  wire,  which  is  in  contact 
with  the  tablet  of  coal,  is  fused,  thus  igniting  the  coal.  The  heat  due 
to  the  burning  of  this  coal  in  the  bomb  causes  an  increase  in  the  tem- 
perature of  the  water  in  the  calorimeter  can,  which  is  accurately 
measured  by  reading  the  standardized  thermometer.  The  amount  of 
change  in  degrees  multiplied  by  the  quantity  of  water  used  plus  the 
^'  water  equivalent "  of  the  instrument,  which  has  been  carefully  de- 
termined by  experiment,  gives  the  calorific  value  of  the  coal  when 
exactly  one  gram  of  coal  is  burned. 

Examination  of  the  Ash. 

This  is  simply  a  chemical  analysis  of  the  ash  giving  its  various 
mineral  constituents.  In  the  proximate  analyses  no  detailed  exam- 
ination of  the  ash  has  been  made,  but  the  results  of  such  examina- 
tions are  given  in  the  table  of  ultimate  analyses. 

Results. 

All  the  coals  in  Maryland  of  commercial  value  are  semi-bitumin- 
ous and  are  used  for  steaming  and  smithing  purposes.*  They  are  all 
coking  coals  but,  on  account  of  their  high  value  for  steaming,  are  not 
used  for  making  coke. 

The  ratio  between  the  ''  fixed  carbon  "  and  the  '^  volatile  carbon  " 
varies  but  slightly.  The  '*  moisture  "  is  generally  small,  hence  the 
value  of  the  coal  is  almost  entirely  determined  by  the  amoimts  of 
"  ash  "  and  "  sulphur."  The  amounts  of  ash  and  sulphur  are  de- 
pendent to  a  large  degree  upon  the  care  exercised  in  mining,  though 
they  vary  in  the  different  seams  and  in  different  parts  of  the  same 
seam.  The  analyses  furnish  no  data  to  explain  these  variations,  nor 
can  the  part  of  the  field  from  which  the  coal  was  taken  be  fixed  by 
its  analysis. 

*  This  report,  page  239. 


626  REPORT    ON    THE    COALS    OF    MARYLAND 

The  calorilic  value  (heating  value)  of  a  coal  is  expressed  in  calo- 
ries, "  C,"  or  British  thermal  units,  "  B.  T.  U/'  A  calorie  is  the 
amount  of  heat  necessary  to  raise  one  gram  of  water  one  degree  centi- 
grade, the  British  thermal  unit  is  the  amount  of  heat  necessarv  to 
raise  one  |X)und  of  water  one  degree  Fahrenheit. 

Therefore,  in  these  tables  when  the  heating  value  of  a  coal  is  given 
in  calories  it  means  that  one  gram  of  coal  will  heat  that  many  graius 
of  water  one  degree  centigrade,  while  the  ""  B.  T.  U."  value  means  that 
one  pound  of  coal  will  heat  so  many  pounds  of  water  one  degree 
Fahrenheit. 

The  calorific  value  of  a  coal  may  be  computed  from  its  proximate 
analysis  witli  sufficient  accuracy  for  many  commercial  purposes  by 
the  following  fonnula  suggested  by  Goutal : ' 

P  =  S2C  +  AY, 

In  which  P  represents  the  calorific  value. 

C  represents  the  percentage  of  fixed  carbon. 
V  represents  the  percentage  of  volatile  carV>on,  and 
^l  represents  a  factor  (lej)en(ling  upon  the  proportion  of 
volatile  carbon  in  the  coal. 

These  factors  are  given  in  the  following  table: 

Coals  containing  VolaUle  Carbon    •'i^  10^    15«{;     20^25^    30^  ho^j^  38^   4li<^ 

Corresponding  Value  of  .4  in  Calories.    145    130     117    lOU     108      98     94     85     80 

It  has  been  found  that  the  above  formula  is  correct  to  within  a  fe\^' 
per  cent  in  the  majority  of  coals,  but  as  it  does  not  give  correct  n*- 
sults  upon  some  coals,  it  is  not,  therefore,  considered  entirely  reliable. 

It  will  be  noticed  that  the  volatile  carbon  has  a  higher  calorific 
value  ])er  unit  than  the  fixed  carlnm  except  in  the  highly  bituminous 
coals. 

*  Ann.  de  chim.  Anal.,  1903.  vol.,  viil.  1-4.     Reviewed  in  The  Analyst,  vol. 
xxvlil.  1903.  p.  128. 
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The  value  of  a  coal  for  raising  steam  in  an  ordinary  boiler  is  not 
entirely  determined  by  the  total  number  of  heat  units  set  free  during 
combustion  but  is  dej^endent  largely  upon  other  factors,  the  chief 
of  which  is  that  in  burning  a  highly  bituminous  coal  there  is  a  greater 
loss  of  heat  due  to  a  part  of  the  volatile  matter  passing  up  the  stack 
as  smoke  and  unburned  hydr(K'arl)on  gases  than  in  a  coal  containing 
less  volatile  carbon.  Furthermore,  these  highly  bituminous  coals 
are  likely  to  cause  a  deposit  of  soot  which  reduces  the  efficiency  of  the 
heating  surfaces.  In  consequence  of  these  and  other  considerations 
the  loss  of  heat,  when  using  highly  bituminous  coals,  will  commonly 
reach  f<^rty-five  per  cent  or  more,  while,  when  using  the  best  anthra- 
cite, this  loss  approximates  twenty  per  cent. 

The  use  of  anthracite  has  the  additional  advantage  of  freedom 
from  smoke,  but  has  some  disadvantages,  the  chief  of  which  i)robably 
is  the  greater  amount  of  ash  r)ecurring  in  small  sizes  of  anthracite 
used  for  steaming.  The  bituminous  coal  has  the  a<lvantage  of 
quicker  combustion,  thus  enabling  a  quicker  raising  of  steam,  less  ash, 
and  a  higher  heating  value  per  unit  of  combustible,  which  facts  ren- 
der it  superior  to  anthracite  when  used  under  the  boiler. 
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TABLE   OP  ANALYSES   OP  MARYLAND   COALS. 
(abranqed  bt  basins,  seams,  and  qeogbaphic  position.) 

ANALYSES  OP  SIDELING  HILL  COALS. 
Pocono  OoaU. 


Mine 


Lonie  Mizelle 


Collected    See       

^y         P»««      ISfToT     V.C.        F.C 


Chemical  Composition 


Martin 


0.92 
1.10 


8.73 
7.10 


85.78 

45.90 


A. 

54.08 
45.99 


S. 


C«lori-  Ctlorl- 

metric  metrte 

"^        value  ntu 

calories  B.I.U. 


.84 
.22 


ANALYSES  OF  GEORGES  CREEK  COALS. 
Upper  Sharon  Codlti. 

Outcrop  below   Piedmont   Martin  823  .55  16.12  77.28 

Outcrop  1  mile  below  Westernport  Martin  824  .88  16.16  70.73 

Outcrop  below  Piedmont   Martin  ...  .95  15.22  74.08 

Average  composition   .55  16.12  77.28 

BrookviUe  Coala. 

Opening  near  Barrellyille  Rutledge  828  1.15  15.98  72.77 

Fairweatber  k,  Ladue,  %  mile  8.  Barrellville.  Rutledge  828  .85  17.71  71.60 
Opening,  Winters  Run: 

(top)    Rowe  820  LOl  21.98  65.28 

(breast) Rowe  ...  .85  22.44  67.44 

(bottom)    Row^  ...  .66  20.07  68.98 

Montell  Tunnel,   Loanrille    Rutledge  380  .59  19.78  72.85 

Opening,  W.  bank  Warrior  Run  Rutledge  881  1.10  22.65  70.70 

Opening,  W.  bank  Warrior  Run  Rowe  881  .45  22.98  66.11 

Opening,  W.  bank  Warrior  Run   Rowe  831  1.45  21.74  65.97 

Opening,  W.  bank  Warrior  Run  Rowe  881  .87  22.98  70.48 

Opening,  W.  bank  Warrior  Run  Rowe  881  1.21  28.86  70.67 

Average  composition   .91  21.04  68.88 

Average    of    those    upon    which    calorimetric 

values  were  made  .91  18.08  67.12 

Clarion  Coala. 

Cumberland  Basin  Ck>al  Co.,  Barrellville Rutledge  382  .88  16.77  78.16 

Cumberland  Basin  Coal  Co.,  Barrellville Rowe  382  .94  18.84  76.50 

Cumberland  Basin  Coal  Co.,  Barrellville Rutledge  832  1.09  17.46  76.79 

Opening  J.  O.  J.  Green,  Westernport Rutledge  882  .76  19.98  67.98 

(top)    Rowe  382  .88  19.60  71.08 

(bottom)    Rowe  382  .86  80.00  72.94 

Opening  Davis  C.  &  C.  Co.,  Westernport Rutledge  382  .87  20.08  61.85 

Average  composition    .88  18.80  72.10 

Av.  of  those  determined  calorimetrically .66  19.84  78.51 

"SpUt'Siw"  CoaU. 

Opening  old  Gorman  tipple,  Franklin Rutledge  333  1.40  15.84  71.18 

Opening  Piedmont  ft  G.  C.  C.  Co.,  Franklin..  Martin  338  .90  16.60  60.22 

Opening  Piedmont  ft  G.  C.  C.  Ck>.,  Franklin..  Dunn  883  1.72  17.80  69.42 

Average  composition   1.84  16.78  60.94 


6.07 

1.80 

•  •••              ••••• 

18.78 

&68 

•  •  •  •                       •!•■• 

9.75 

.50 

•  •••                        ••••* 

6.07        2.52 


10.16 

2.81 

•  •  •  • 

9.84 

L16 

•  •  •  • 

1L88 

.88 

7540 

U,5R 

9.27 

1.08 

7718 

U^ 

15.44 

LOl 

7880 

yzjm 

7.28 

L65 

•  •  •  « 

6.66 

L86 

a  •  •  • 

10.51 

L79 

7781 

liflV 

10.84 

1.48 

7nB 

IXOB 

&72 

.66 

8069 

liW 

4.70 

.62 

81SS 

11.6a 

0.22 

1.80 

9.77 

LOO 

7789 

Ufll 

4.20 

2.15 

•  •  •  • 

4.28 

.05 

828S 

liM 

4.60 

4.81 

•  •  •  • 

U.84 

2.08 

•  •  •  • 

8.94 

L8S 

7918 

10» 

6.61 

1.28 

8122 

14.01 

18.80 

6.24 

•  •  •  a 

•  •••• 

8.83 

2.60 

•  •  •  • 

•  •••• 

6.50 

1.19 

8107 

li» 

11.58 
18.19 
11.06 


2.77 
4.70 
4.81 


•  •••• 


■  •  ••• 


U.94       8.98 
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TABLE  OF   ANALYSES    OF   MARYLAND  COALS. ~ Continued. 
ANALYSES  OP  GEORGES  CREEK  COALS.-Couttnueil. 

Lower  Kittanning  Coala. 


Collocted     See 


by 


paKC 


H-O. 


Chemical  Compotdllon 
A 


v.r. 


mile  east  Clarysville Rutledgc  335  1.37  18.26 

,"  Cumberland  G.C.C.Co.,  Franklin  Rutledge  &37  .78  16.90 

,"  Cumberland  O.C.C.Co.,  Franklin  Dunn  337  .S4  16.70 

Cumberland  C.  Co.,  Franklin Rutlodge  337  .73  15.54 

)     Dunn  337  .78  15.54 

n)     Dunn  387  .79  15.84 

"  Piedmont  k  O.C.C.Co.,   Franklin  Rutlcdge  338  .65  17.31 

)     Dunn  338  .55  14.97 

n)    Dunn  338  .57  19.78 

r.  0.  J.  Green,  Westemport Rutlcdgre  339  1.60  17.55 

)     Rowe  889  .49  16.44 

n)     Rowc  889  .46  16.55 

'  Davis  C.  &  C.  Co.,  Piedmont Dunn  840  .59  15.80 

Rowe  840  .50  16.66 

e)    Rowe  840  .44  17.08 

n)     Rowe  840  .42  18.89 

840  .86  15.50 

imposition    .70  16.78 

■e  determined  calori metrically .57  16.58 

Lower  Freeport  Coal. 

)ld  Gorman  Plane,  Franklin Rutledfce  841  0.67  18.58 


V.r, 

64.64 
50.69 
69.40 
72.00 
75.43 
70.88 
68.82 
74.58 
69.09 
71.58 
76.61 
73.80 
75.85 
71.52 
76.50 
65.65 
70.92 

71.08 
72.14 


15.73 

22.63 

18.36 

11.78 

8.25 

12.49 

13.22 

9.93 

9.71 

9.82 

6.46 

9.69 

7.76 

11.83 

5.89 

15.04 

12.98 

11.49 
10.71 


1.55 
1.88 


«  •  •  • 

7828 
7468 


14,090 
18,433 


Calori-      Calorl- 

metric       metric 

^      value        value 

^-       caloric!!  B.  T.  r 


0.62 
2.71 
1.48 
1.39 
1.10 
2.61 
1.37 
1.47 
2.40 
1.28 
1.21 
0.88 
1.22 
1.20 
2.36 
1.08 
1.12 


7586        18,865 


•  •  •  • 

8109 
7782 
7828 
7625 
8061 
7276 
7702 


14,690 
18,917 
14,000 
18,725 
14,510 
18,007 
18,868 


7677        18,810 


67.18        13.57        5.26 


Upper  Freeport  Coals. 

Braddock  C.   Co..   Clarysville Rutlcdge  842  .98  17.10  71.63  10.25  8.78 

Juaklrk  Farm,  Gilmore Rutledge  843  1.40  17.71  62.60  18.21  2.36 

.,"  Frostburg  C.  M.  Co.,  Morrison..        Rutledge  343  .82  16.50  74.50  8.00  1.84 

."  Frostburg  C.  M-  Co.,  Morrison..        Dunn  343  .55  15.87  74.26  0.82  1.66 

Rowe  313  .46  16.78  71.40  11.82  1.20 

n)     Rowe  843  .97  17.56  71.32  10.15  1.28 

jld  Gorman  PUne,  Franklin 844  .72  10.23  60.18  10.87  2.72 

oroposition    .85  17.18  60.44  12.53  2.00 

«e  determined  calorimetrically .66  16.55  72.36  10.43  1.35 


7712 
7605 
7806 


18,881 
18,680 
14,051 


7707        13,8fJ2 


Brush  Creek  {Masontoicn)  Coals. 

Coleman'ji,   Lonaconing    Rutledge  346  1.08  19.47 

r.  Mowbray.  Barton  Rutlcdge  347  1.07  16.44 

H.  Moore,  Barton  Rutlcdge  347  .67  17.61 

r.  O.  J.  Green,  Phoenix  Rutlodge  348  .70  16.74 

Wm.   Neff,  Phoenix   Rutlcdge  349  .00  16.75 

Athey's,  Phoenix  Rutledge  849  4.42  18.56 

I,"  Frostburg  C.  M.  Co.,  Morrison 349  .57  15.60 

S.   Franklin   350  .55  15.80 

omposition    1.24  17.12 


62.64 

16.81 

2.26 

70.78 

11.71 

2.88 

70.44 

11.28 

8.57 

67.67 

14.89 

1.60 

72.75 

0.60 

1.54 

70.74 

6.28 

.63 

68.50 

15.33 

2.60 

60.77 

22.88 

s.m 

68.04 

18.60 

2.28 
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ANALYSES  OF  GEORGES  CREEK  COALS.-Con/iiiuft/. 

Bakerstown  Coals. 


Mine 


collected 
by 


see 
PHfe 


Cbemlcal  Composition 


H-O.       V.C.       F.C. 


Cftloii-  Uiorl- 

metric  nwtne 

^     f»lue  TilM 

S.    caloriei  B  T  U 


89.20 
06.60 
65.38 
66.17 
68.86 
62.17 
64.16 
70.28 
72.06 
73.10 
70.40 
72.00 
76.25 


.68        17.01        68.39 


Opening,  Mt  Savage  Rutledge  850        1.00       18.60 

Opening,  near  Clary8>'ille   Rutledge  852         ,88       16.55 

Opening,  near  Loarvillc  Rutledge  358         .88       18.76 

Opening,  Md.  C.  Co.,  Koontz  Rutledge  353        1.10       16.32 

Opening,  J.  Wier,  Lonaconing  Rutlrdge  354       1.59       20.62 

Opening,  J.  Wier,  Lonaconing  Martin  355         .92       18.44 

Opening,  llansell  Farm,  Lonaconing  Rutledge  856         .90        18.60 

Opening,  between  Pekin  and  Moscow  Rutledge  358         .60       16.56 

Opening,  between  Pekin  and  Moscow  Rutledge  3->8         .98       17.54 

Opening,  near  Moscow  Mills  Rutledge  858       1.16       17.74 

Opening,  A.  B.  Shaw,  Barton  Rutledge  359       1.00       18.06 

Opening,  A.  B.  Shaw,  Barton   Rutledge  359         .82        17.33 

Opening,  3  m.  n.  w.  Barton  Rutledge  359        1.95        18.25 

•*  Moscow    No.    2,"    Moscow-O.    C.     M.    Co., 

Barton     Rutledge  860 

*•  Moscow    No.    2,"    Moscow-G.    C.     M.    Co., 

Barton     Dunn  360 

"  Swanton,"  Chapman  M.  Co.,  Barton  Rutledge  360 

**  Swanton."  Chapman  M.  Co.,  Barton  Dunn  .^»0 

Opening,  M.  N.  Fazenbaker,  Barton  Rutledge  360 

"Potomac,"  Union  M.  Co.,  Barton  Rutledge  361 

"  Potomac,"  Union  M.  Co.,  Barton  (top") Rowe  361 

."Potomac,"  Union  M.  Co.,  Barton  (bottom).  Rowe  361 

Opening,  S.   Rom,  Barton   Rutledge  361 

Opening,  Henry  Moore,  Barton  Rutledge  362 

Opening,  Isabel  Myer,  Barton   Rutledge  362 

Opening,  F-zra  Michael,  Phoenix  Rutledge  363 

Opening,  T.   P.  Michael,  Westemport   Rutledge  364 

Opening,  Fazenbaker,   Westemport   Rutledge  364 

•*  Eckhart,"  Phoenix  &  G.  C.  M.  Co.,  Morrison  Rutledge  365 

"  Eckhart,"  Phoenix  k  G.  C.  M.  Co.,  Morrison  Dunn  365 

Morrison,  Frostburg  C.  M.  Co.,  Morrison Rutledge  365 

Morrison,  Frost  burg  C.  M.  Co.,  Morrison Dunn  365 

Opening,  Cumberland  &  G.  C.  C.  Co.,  Franklin  Rutledge  3f»6 
••  Penn,"  Cumberland  &  G.  C.  C.  Co.,  Frank- 
lin       Dunn  366 

Opening,  J  as.   Grove,   Westemport   Rutledge  367 

Opening,  M.  Gannon,  Franklin  Rutledge  368 

Opening,  Piedmont  G.  C.  C.  Co.,  Franklin....  Rutledge  3r.8 

.Vverage   composition    1.03        17.9S 

.\v.  of  those  determined  calorimetrically .64        17.69 


1.16 

.93 

.41 

1.72 

1.00 

.64 

.60 

.79 

.75 

.97 

.98 

1.40 

.70 

.62 

.59 

.72 

1.29 

1.05 

.72 

.88 

1.12 

3.58 


19.19 
19.28 
16.60 
19.60 
18.51 
17.92 
17.71 
17.42 
18.91 
19.09 
17.12 
17.21 
19.93 
16.99 
17.18 
16.47 
19.41 
16.78 

17.95 
16.89 
16.85 
18.75 


71.72 
70.24 
68.87 
67.48 
70.28 
72.42 
72.93 
73.87 
72.05 
71.75 
73.30 
76.82 
70.74 
74.44 
73.50 
72.80 
67.76 
72.11 

73.11 
74.89 
71.87 

70.75 


11.14 

15.97 

14.98 

16.41 

8.93 

18.47 

16.34 

12.56 

9.42 

8.00 

10.54 

9.85 

3.55 

13.92 

7.93 

9.55 

14.06 

11.20 

10.21 

9.02 

8.76 

7.92 

8.29 

8.19 

8.60 

4.57 

8.63 

7.95 

a  73 

10.01 

11.54 

10.00 

8.22 

7.34 

10.16 

6.92 


2.59 

.60 

.88 

1.81 

0.86 

1.74 

3.73 

6.02 

1.97 

2.09 

2.30 

1.55 

.51 

4.58 

3.33 
1.99 
l.Ol 
1.79 
1.78 
1.84 
.59 
1..>1 
3.05 
1.41 
2.11 
1.72 
3.C2 
1.85 
1.23 
2.48 
3.04 
3.13 

1.77 
2.48 
1.19 

.as 


TSa)      IVW 
793S       U.S6 


T.-.TO      13,e» 


77W      a<W 


70.80 
72.99 


10.19 
8.68 


2.08 

1.38 


7783      U,V6 


FriendaviUe  Coals. 


N.  W.  Mt.  Savage  Dunn 

Opening,  near  Claryavillc   Rutledge     369 

.\veragc   composition    


.96 

18.71 

70.67 

9.66 

2.01 

.86 

17.55 

69.70 

11.89 

i.a> 

1.12 

19.38 

71.88 

7.62 

3.12 

.08 


18.84        70.75 


9.73       2.32 


7778      1S,8W 
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TABLE  OF  ANALYSES  OF  MARYLAND  COALS.- Continued. 
ANALYSES  OF  GEORGES  CREEK  COALS.-ConfmM«d. 

Lonaconing  Coals. 


Mine 


New  Central  C.  Co.,  Koontz 

Georges  Cr.  C.  &  I.  Co.,  Lonaconing 

Preble's,  Lonaconing  

New  Central  C.  Co.,  Jjonaconing 

Hohing's,  Lonaconing  

composition   


Collected 

See 
page 

Chemical  Com] 

;>oiltion 
A. 

S. 

Calorl- 
metric 
valae 
calorien 

Calorl- 
metrlc 

by 

f 
HsO. 

v.c. 

F.C. 

value 
B.  T.  L\ 

Rutledgc 

370 

.75 

22.42 

68.19 

8.64 

3.31 

Rutledge 

370 

.78 

18.05 

64.34 

16.83 

3.33 

Rutledge 

371 

.84 

17.09 

66.88 

15.19 

3.16 

Rutledge 

371 

.65 

18.26 

70.32 

10.77 

3.74 

Rutledgc 

371 

.61 

17.16 

63.16 

19.07 

3.27 

.73 

18.59 

66.58 

14.10 

3.36 

Franklin  Coala. 


Georges  Cr.  C.  &  I.  Co.,  Lonaconing 

American  C.  Co.,  Barton  

tomac  C.  Co.,  Barton   

Old  Gorman  Plane,    Franklin 

klin  Plane,  Franklin 

klin  Plane,  Franklin 

klin  Plane,  tYanklin 

C.  Co 

composition    

lOse  determined  calorimetrically 


Rutledge 

373 

1.77 

20.16 

71.00 

7.07 

I.n 

•  •  ■  > 

Rutledgc 

374 

.95 

17.38 

67.14 

14.56 

2.83 

•       ■       •       B 

Rutledge 

374 

.69 

20.18 

69.11 

10.02 

2.33 

•       •       •       ■ 

Rutledgc 

373 

1.35 

18.08 

67.40 

13.17 

L23 

•       «       ■       • 

Rowe 

375 

.74 

18.13 

60.88 

20.25 

2.76 

6944 

12,499 

Rowe 

375 

.79 

18.51 

70.72 

9.98 

3.01 

7869 

14,164 

Rowe 

375 

.72 

19.77 

6.5.53 

13.08 

5.13 

7382 

13,188 

Dunn 

.52 

17.83 
18.70 

70.96 

10.60 

2.02 

7776 

13,997 

.94 

67.84 

12.46 

2.55 

•  •  •  • 

.69 

18.56 

67.02 

13.73 

3.23 

7403 

13.487 

Little  PUUlnirg  Coals. 

',"  New  Castle  C.  Co.,  Lonaconing.'.  Rutledge 

American  C.  Co.,  Pekin  Martin 

American  C.  Co.,  Pekin  Dunn 

E.  Michael,  Franklin   Rutledge 

O.   C.    Fazenbaker,  Rock  Church Rutledge 

composition   

Pittsburg  Coals. 

Bald  Knob  C.  Co.,  Mt  Savage Dunn 

,"  B.  G.  C.  V.  C.  Co.,  Carlos: 

it)     Dunn 

Dm)     Dunn 

No.  1,"  Union  M.  Co.,  Frostburg: 

It)    Dunn 

It)    Reese 

>m)     Dunn 

3m)     Reese 

3m)     Reese 

igton,"    Piedmont   &   G.    C.    C.    Co., 

»rt    (breast)    Dunn 

(bottom)    Dunn 

n,"  Consol.  C.  Co.,  Hoffman  (breast)  Dunn 
ig  Shaft,"  Consol.  C.  Co.,  Borden: 

It)     Reese 

Reese 

jm)    Reese 


376 

1.10 

19.48 

68.12 

11.30 

1.22 

377 

.82 

19,94 

68.90 

10.34 

1.51 

377 

.63 

19.75 

71.84 

7.78 

1.49 

378 

1.27 

21.24 

68.33 

9.10 

1.21 

378 

5.3S 

22.10 

63.39 

9.18 

.76 

1.83        20.50        68.12 


879 

505 

595 

382 
382 
382 
382 
382 

598 
598 
564 


.57 


.57 

.58 
.76 
.73 
.99 
1.03 

.69 
.71 
.73 


572 
572 
572 


.67 

.59 

1.24 


18.37 

19.04 
19.16 

18.34 
17.94 
18.44 
17.82 
18.65 

18.12 
17.00 
17.75 

17.66 
18.91 
18.10 


74.61 
72.17 

74.51 
74.11 
70.22 
71.63 
72.20 

73.48 
75.86 
74.07 

74.37 
72.60 
71.01 


9.55   1.24 


66.74   14.32 


5.78 
8.13 

6.57 
7.19 
10.61 
9.56 
8.12 

7.71 
5.83 
7.45 

7.30 
7.84 
9.65 


.94 

.71 
1.17 

.88 

.94 

1.83 

2.05 

1.19 

1.69 
.94 
.80 

.87 
1.49 
1.20 


829   14,092 


8052 
7830 

8002 
8003 
7604 
7754 
7709 


7969 
7836 

7984 
7977 
7736 


r356   13,241 


14,494 
14,094 

14,404 
14,405 
13,687 
13,957 
13,876 


14,342 
14,105 

14,371 
14,359 
13.925 
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ANALYSES  OF  GEORGES  CREEK  CO  A  LQ.-Omtinued, 

Pittsburg  Coal*.— Continued. 


Mine 


"  Carlos   No.    1,"    Barton   k    G.    C.    C.    Co., 

Carlos    (breast)    

Carlos  (bottom)   

"  Ocean  No.  7,"  Consol.  C.  Co. : 

(breast)     

(breast)    

(bottom)    

(bottom)    

♦•  Ocean  No.  1,"  Consol.  C.  Co.: 

(breast)     

(breast)     

(bottom)    

(bottom)    

"Enterprise/*  Midland  M.   Co.,  Midland: 

(breast)     

(bottom)    

Columbia  No.  9,  G.  C.  C.  &  I.  Co.,  Lonaconing: 

(breast)     

(bottom)    

"  Ocean  No.  8,"  Consol.  C.  Co.,  Midland: 

(breast)     

(bottom)    

"Ocean  No.  8,"  Consol.  C.  Co.,  Midland: 

(breast)     

(bottom)    

"  Koontz/'  New  CJentral  C.  Co.,  Koontz: 

(breast)    

"  No.  1,*'  G.  C.  C.  &  I.  Co.,  Lonaconing: 

(breast)     

(breast)     

(bottom)    

"  Appleton,"  Md.  C.  Co.,  Lonaconing  (breast) 
"  Pine  Hill,"  G.  C.  C.  &  I.  Co.,  Lonaconlng: 

(breast)     

(breast)     

(bottom)    

Opening,  Md.  C.  Co.,  Lonaconing  (breast) 

'*  Shamrock,"  Lonaconing  O.  Co.,  Lonaconing: 

(breast)        

(bottom)    

"  Jackson  No.  5,"  American  C.  Co.,  Lona- 
coning   (bottom)    

"  Moscow,"  Piedmont  M.  Co.,  Barton  (breast) 
"  Caledonia,"    American   C.    Co.,    Barton: 

(breast)     

(bottom)    

"Excelsior,"  M.  P.  Gannon: 

(breast)     

(bottom)     

"  Scrap  No.  1,"  Davis  C.  &  C.  Co..  Franklin: 

(breast)     

(bottom)     


Collected 

by 


Dunn 
Dunn 

Dunn 
Reese 
Dunn 
Reese 

Dunn 
Reese 
Dunn 
Reese 

Dimn 
Dunn 

Dunn 
Dunn 

Dunn 
Dunn 

Dunn 
Dunn 

Dunn 

Dunn 
Dunn 
Dunn 
Dunn 

Dunn 
Dunn 
Dunn 
Dunn 

Dunn 
Dunn 


Dunn 

Dunn 
Dunn 


Dunn 
Dunn 


See 
|)age 


387 
387 

565 
565 
565 
565 

661 
661 
561 
561 

666 
508 

580 
580 

571 
671 

570 
570 

591 

577 
577 
677 
587 

582 
582 
582 
687 

608 
608 

589 
608 

690 
590 

390 
396 

613 
618 


f 

HsO. 


.73 
.72 

.64 
.28 
.66 
.81 

.67 
.78 
.72 
.81 

.65 
.88 

.63 
.74 

.53 
.71 

.58 
.60 


Chemical  Composition 
A 


.63 
.69 
.74 
.45 

.61 
.53 
.74 
.66 

.72 
.46 

.79 

.52 
.80 

.74 
.71 

.67 
.56 


V.C. 


18.83 
19.00 

19.23 
19.62 
10.19 
10.57 

18.10 
20.38 
18.64 
19.90 

17.89 
17.80 

18.20 
18.90 

18.39 
19.11 

19.16 
18.57 


F.C. 


A. 


18.58 
18.44 
19.87 
19.77 

19.28 
19.76 
19.48 
20.12 

18.61 
19.68 

19.57 
18.41 

18.58 
18.02 

19.83 
18.89 

18.89 
18.90 


74.96 
n.49 

72.26 
73.41 
71.92 
70.73 

72.41 
72.88 
70.42 
70.98 

75.28 
n.56 

75.03 
74.22 

75.68 
72.70 

74.55 
74.85 


.69       20.16        71.89 


74.86 
68.99 
72.11 
74.76 

73.99 
71.85 
68.25 
71.81 

75.06 
72.07 

70.84 
74.20 

74.57 
72.82 

73.56 
75.70 

71.94 
74.77 


5.48 
8.70 

7.87 
6.70 
8.23 
8.80 

8.78 

6.06 

10.22 

8.86 

6.18 
0.82 

6.14 
6.14 

5.40 
7.48 

6.71 
6.40 

7.66 

5.98 

11.88 

7.78 

5.02 

6.22 

7.86 

11.53 

7.42 

5.61 
7.80 

8.84 
6.60 

6.80 
8.27 

6.87 
5.20 

8.60 
5.68 


S. 


Calorl-  iftkvW 

meirte  netik 

valne  taIm 

calortet  B.  T.  C 


.88       8057      U,9* 
1.07       7880      14.W 


.88 

.77 
1.07 
1.26 

.66 

.79 
1.71 
1.88 

.60 
1.45 

.66 
.66 

.78 
.82 

.70 

.78 

.55 

.74 
1.06 
1.83 

.55 

.81 
1.06 
1.46 

.82 


.64 

1.40 

.55 
.68 

2.2!) 
.64 


778S 
8046 
78» 
7856 

7788 
8143 
7588 
7942 

SMi 

7599 

7900 
7833 

8085 

7780 

8124 
7977 

7961 

8068 


8070 
7775 

8070 
8072 

7875 

snoi 


U.917 
14,181 
liQ64 
11,149 

14,aiS 
14,851 
13,466 
14,S» 

14.47S 

it,tn 

14,KI 

14,81 
14.6N 

14JB 
14J« 

14,»l 

li5M 


7811       14.W 
8123      14.821 

8048      14.4SI 


7441       11.94 
7982       14.«0 


.71  8144  14,6» 

.71  7816  14,» 

1.18  7867  ia.9(n 

.72  7946  14.  W 


14.SI! 

n,m 

14,J8S 

14,5KI 

14.175 
14.5N 
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TABLE  OF  ANALYSES  OF  MARYLAND  COALS.— Continued. 

ANALYSES  OF  GEORGES  CREEK  COALS.- Confinw^l. 

PitUtburg  Coaln.— Continued. 


Mine 


ige: 

ist)    

:oni)    

compoeition   

tiose  determined  calorimetrically 

Lower  Sewickley  Coals. 

Md.  C.  Co.,  Lonaconing Rntledge     399         .79       19.98 

:  Shaft,  Consol.  C.  Co Reese  572         .03       18.61 

composition   .86       19.29 


Collected- 
by 

See 
page 

r          ~ 

HjO. 

Chemical  Com 
V.C.         F.C. 

position 
A. 

> 

S. 

Calorl- 
metrlc 
valae 
calories 

Calorl- 
metiic 
value 
B.T.U 

Dunn 

•  •  • 

.61 

18.07 

76.85 

6.97 

.76 

7986 

14,839 

•  •  « 

.67 

18.77 

76.65 

4.91 

.76 

8051 

14,492 

"* ''~~' 

"~ 

.70 

18.81 

72.96 

7.26 

l.W 

•  •  •  • 



.68 

18.81 

72.97 

7.24 

1.01 

7902 

14.218 

67.74 

11.49 

2.22 

■  •  •  • 

74.68 

5.78 

L18 

8029 

14,462 

71T22 

~    8.63~ 

1770 

•  •  •  • 

Piedmont  &  G.  C.  C.  Co.,  Eckhart. 

New  Central  C.  Co.,  Koontz 

New  Central  C.  Co.,  Koontz 

Md.  C.  Co.,  Ix)naconinf(  

Md.  C.  Co.,  Lonaconinfi:  

Md.  C.  Co. ,  Lonaconingr  

G.  C.  C.  k  I.  Co.,  I^naeoninfT 

O.  C.  C.  k  I.  Co.,  Lonaconing: 

G.  C.  C.  &  L  Co.,  Lonaconing 

Md.   C.   Co.,  Lonaconing    

Md.   C.    Co.,  Lonaconing    

nia,"  Amer.  C.  Co.,  Barton 

lat)    

torn)    

AC.  Co.,  Franklin: 


ist) 


torn) 


Upper  SeuHtikley  Coale. 

Rutledge  400         .83 

Rutledge  401  1.28 

Dunn  401  .81 

Rutledge  401  2.09 

Rutledge  401  LIO 

Dunn  401  .65 

Dunn  402         .81 

Rutledge  402         .70 

402         .88 

Dunn  402  .66 
Rutledge  402  .83 
Rutledge  403  .69 
Dunn  403  1.18 
403         .48 


Rowc 
Rowe 
Rowe 
Rowe 


404 
404 
404 
404 


composition   

bose  determined  calorimetrically. 


.47 
.31 
.99 
.88 

.83 
.67 


18.18 
20.06 
20.06 
22.21 
19.26 
21.26 
20.18 
21.22 
20.05 
19.76 
20.98 
19.60 
20.26 
19.22 

20.20 
21.50 
19.61 
20.50 

20.22 
20.25 


n.90 
72.89 
78.55 
64.57 
70.95 
69.49 
70.24 
70.60 
73.59 
70.06 
71.02 
65.87 
69.55 
69.97 

67.46 
71.91 
71.04 
67.11 

70.09 
70.04 


9.09 
6.77 
6.68 

n.l8 
8.69 
8.60 
8.77 
7.58 
5.68 
9.54 
7.82 

18.96 
9.01 

10.88 

11.87 
6.28 
8.36 

12.01 

8.86 
9.04 


L84 
1.10 
.92 
1.05 
1.42 
1.44 
1.23 
1.19 
1.01 
1.10 
1.65 
1.49 
1.95 
LOO 

1.22 
1.13 
L64 
2.26 

1.40 
1.40 


a    •    •    • 

•    •    •    • 

8015 

14,427 

7708 
7783 

13,874 
14,009 

•  •  •  • 

7688 

13,838 

•  •  •  • 

7596 
7679 

7585 
8164 
7988 
7686 


18,672 
18,822 

18,668 
14,696 
18,000 
18.746 


7784   14,011 


,  Amer.  C.  Co.,  Lonaconing 


Vniontown  Coal. 
Rutledge     589         .60 


18.76        63.77        16.82 


4.93 


8,"  New  Central  C.  Co.,  Koontz. 
B,"  New  Central  C.  Co.,  Koontz. 
,  G.  C.  C.  &  I.  Co.,  Lonaconing. 

,  Amer.  C.  Co.,  Lonaconing  

,  Amer.  C.  Co.,  Lonaconing  — 
:  Shaft,  CoDfloL  O.  Co 


composition   

boae  determined  calorimetrically. 


Wayneshurg  Coals. 


Dunn 

405 

.92 

2L16 

70.08 

7.85 

L57 

7709 

Rutledge 

405 

1.65 

19.30 

67.86 

11.69 

1.65 

•  •  •  • 

577 

.64 

19.67 

69.46 

10.23 

L83 

•  •  •  • 

Rutledge 

589 

1.09 

19.92 

69.94 

9.06 

2.28 

•  •  •  • 

Dunn 

589 

.82 

19.82 

71.71 

7.65 

.92 

7784 

Reese 

572 

2.21 
~  1T22 

19.53 
"l9.^~ 

68.25 

10.01 
9.42 

0.80 
1.51 

7415 

69.47 

•  •  •  • 

1.32 

20.16 

70.01 

8.51 

1.00 

7636 

18,876 


14,011 
18.847 


13,745 


634 


REPORT    ON    THE    COALS    OF    MARYLAND 


TABLE  OF  ANALYSES  OF  MARYLAND  COALS.— Continued. 

ANALYSES  OF  POTOMAC  BASIN  COALS. 

Lower  KittMnniny  Coctln. 


Mine 


Collected 
by 


See 


Cbemical  Compoeltlon 


HsO. 


VC. 


F.C. 


CaloTi-  Ca 
metric  Of 

▼aloe  Ti 

<^*  calories  B. 


Opening:  near  Windom   Martin  413  1.40  17.58  70.79  10.23  1.55  7338      li; 

**  Bamum  "  Monroe  C.  M.  Co.,  Bamum 415  .62  14.76  74.08  10.G9  1.17  7788      U^ 

*•  Bamum  "  Monroe  C.  M.  Co.,  Bamum 415  .67  15.39  72.42  11.52  1.06  7W1      ISJ 

(top)     Martin  418  1.24  16.96  72.44  9.38  1.06  7692      11^ 

(top)    Martin  415  1.02  17.08  65.87  16.53  5.07       

(bottom)    Martin  415  1.11  15.76  69.50  13.63  2.91  7541      MJi 

Fahey*8  Mine,  Blaine: 

(top)    Martin  419  8.61  17.86  69.52  9.01  .79  7438      U; 

(bottom)     Martin  419  3.82  22.43  63.18  11.07  .49  7280      U.] 

Opening,  Cosner,  Wilson: 

(top)    Martin  424  2.13  22.75  62.56  12.56  4.35        

(bottom)     424  1.04  19.52  64.20  15.24  3.82  7132      It! 

Opening,  .\mold,  Dobbin: 

(top)     425  2.46  25.35  64.76  7.43  1.53  7684      HI 

(bottom)     425  1.26  24.01  60.51  14.22  2.02  7260      W 

Average "compodtion'  . 7.  .7. ..".......!..... .~ .  IM  i9'l2   ~  67. 44  Tl79  2l5  ~ . . 

Av.  of  thow  determined  calorimetrically 1.68  18.96  68.14  11.24  1.64  7474      U, 

Upper  KUtanning  CoaU. 

Talker's,   near  Swanton    Martin  430  .49  17.05  60.85  12.61  2.75  7685      U. 

Tasker's.   near  Swanton    Martin  430  .72  19.48  66.67  13.23  3.09  7899      U, 

Average"  composition'".  .7. .  7.  .7. .  7 . 77.  .7. .  ~. .  ^0  18.27  68^1  12.92  3^  7512      U 

Upper  Freeport  CoaJa. 

Tasker's,  near  CTiaffee  Martin  431  1.02  17.07  77.04  4.87  .83  8119 

Harvey's,  near  Gorman  Martin  435  .92  20.24  68.99  9.85  1.36  76% 

Davis  C.  &  C.  Co.,  Thomas  Rowe  487  .71  17.61  75.70  5.98  .71  8168 

Average~«)mipoeTtion~  7 .77. '.  7.77.7 T. .  77  JM  18. 81  73.91  6.90  ^  7990 

Brush  Creek  Coals. 

Tasker's,  near  Chaffee  Martin  489  .78  17.58  53.04  28.60  6.71  SB47 

Bakeratown  Coals. 

O.   C.   Pattison,   Bloomington   Martin  440  .82  17.38  70.33  11.47  2.56 

Geo.  W.  Tiehinel,  near  Chaffee   Martin  441  .91  18.18  72.57  8.34  3.05  7821 

"Bamum"  Monroe  C.  M.  Co.,  Bamum Martin  442  .29  16.93  73.07  9.71  1.14  7«7 

*•  Bamum  "  Monroe  C.  M.  Co.,  Bamum 442  .82  19.02  69.73  10.43  1.11  7742 

••  Sharpless,"  near  Swanton   442  .96  18.16  71.71  9.17  1.27  7784 

••  Sharpless,"  near  Swanton   442  .51  18.26  72.64  8.59  1.28  7871 

"Tasker's,"    near   Chaffee    Martin  448  1.77  18.96  70.55  8.72  3.01  7655 

•*  Beokman's,"   near  Blaine    Martin  444  1.11  17.30  72.83  8.76  .72  7757 

Average   composition    .90  18.02  71.68  9.40  1.77        

A  v.  of  those  determined  calorimetrically .91  18.11  71.87  9.11  1.65  7782      M 

FriendsvUle  Coal. 

"  Harvey's,"  near  Kelso  Gap  Martin  449  .97  28.27  59.76  16.00  4.51  »4S      1? 
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TABLE  OF  ANALYSES  OF  MARYLAND  COALS. -Continued. 
ANALYSES  OF  POTOMAC  HASIN  COAJjU-CoiUfnucO. 

Pitt8l)urg  Coal8. 

,    ,,        ^         ,  Chemical  Composition 

...  Collected        See a 

Mine  jjy  Daee 

^              ^^        ll2().        V.C.  F.C.  A. 

-     -                                                                                                                  .       -       _      _  .  .  .    f 

g.    near  Shaw    ilartin         450        1.21        10.98  74.28  4.68 

g,  near  Shaw: 

p)    Rowe            449          .89        17.89  75.30  5.92 

tddle)     Kowe           449         .59        18.29  75.50  5.62 

ttom)     Rowc           449          ..TO        17.60  76.35  5.46 

e    rr»mposition    .82        18.44  75.86  5.8S 

ANALYSES   OF   CASTLEMAN   BASIN   COALS. 
Clarion   (f)    Coal. 

gr,   LcfiTCtr,   Bittinprer    Martin         456         .61        26.94  67.24  14.91 

Lower  Freeport  CoaJs. 

g,  Trickey,   near  Bittingor   Martin         460         .63       24.08  67.03  8.26 

g,  Breni-man,  near  Bittinger   Martin         460         .78       24.02  66.50  R.70 

e   comp<.siti(m    .70        24.05  66.77  8.48 

Orantaville  Coal. 

gr,   Mogart,   nt^ar  Jcnninsrs  Mills Martin         ...        2.23        21.21  63.78  12.78 

Bakeratoicn  Coals. 

t,"   near  Jennings  Mills    Martin         471        1.96       21.31  63.67  13.06 

ir,  Mogart,  near  Jennings  Mills  Martin         472        1.16       21.36  68.60  8.88 

lan  A  SUrk,  near  Bittinger  Martin         473        3.63        23.52  63.26  9.69 

Sreneman,   near  Bittinger    Martin         473        2.01        22.40  68.72  6.87 

Bittinger,  mar  Bittinger   Martin         474        1.64        21.25  71.49  5.62 

•e  composition    2.08        21.97  67.15    •     8.80 

Maynadier  Coal. 

nmer,  ni'ar  Jennings  Mills 475         .78       21.04  60.76  17.57 

ANALYSES  OF  UPPER  YOUGHIOGHENY  COALS. 

Lower  Kittanning  CoaU. 

d  C.  &  C.   Co.,  Corinth  Martin         483        1.21        23.66  68.02  7.21 

near  Crellin   Martin         484        1.11        22.70  64.04  12.15 

e,  near  Crellin   Martin         486         .76       24.89  64.05  10.30 

near  Crellin: 

p)     Martin          487        1.12        23.13  64.94  10.81 

•ttom)    Martin         487        1.24        21.18  59.30  18.28 

1  C.  *  L.  Co.,  near  Cnllin   Martin         488        1.86       22.81  62.74  12.50 

e  composition   1.22        23.04  63.85  11.89 


Calorl- 
metric 
""      value 
S.    calories 


1.11        8146 


Calorl- 

metric 

value 

B.T.U. 


14,661 


1.12 

8121 

14,618 

1.41 

S160 

14,704 

1.38 

8166 

14,699 

1.25        8150        14.670 


4.69        7093        12,767 


0.91 
1.96 


7800 
7718 


14.040 
18,802 


1.48        7760        18,966 


2.55        7195        12,951 


4.49 

7350 

18,230 

2.89 

7780 

14,004 

1.48 

7.500 

IS.iiOf) 

1.87 

7857 

14.142 

1.62 

8043 

14,477 

2.27       7706       13,871 


2.29        6000        12,420 


2.81 

7760 

18.084 

4.71 

7323 

18,181 

1.29 

7632 

18,738 

1.44 

7420 

18,856 

1.62 

6746 

12,143 

.80 

7208 

18,127 

2.11        7864        18,255 
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TABLE  OF  ANALYSES  OF  MARYLAND  COALS. -Cou/iw »/<•</ 
ANALYSES  OF  TPPEK  YOUGHIOGHENY  COALS.- (^o»ifi«ii^*/. 

Lower  Freeport  Coals. 

^  ,.         .        „  Chpmical  Conipo»itlon 

Collected        See      ^ •__1 

Mine  ^y  pg-^     < 

'              *^'        H2().         V.C.           F.C.  A. 

Courrell.    near   Crellin    Martin         490        1.29       23.72  54.22  20.77 

Openln«r,    Mirhler   Lino    Martin         490      10.64       21.80  41.94  21.62 

Average   composition    5.97        22.76  50.0S  21.19 

Upper  Freeport  Coal. 

NVthken,  near  Oakland   Martin         492        1.46       20.98  66.99  10.57 

Bakrrstotcn  Coal. 

Kimmel,  near  Swallow  Falls  495         .80       80.81  58.22  10.17 

ANALYSES  OF  LOWER  YOUGHIOGHBNY  COALS. 

Lower  Kittantiing  Cofth. 

Opening,   near  King  Martin         497        1.76       22.81  62.77  12.66 

Isaac  Meyer.   Friendsvillc  (top)    Martin         499        4.47        22.74  53.72  19.07 

Isaac  Meyer,   Friendsvillc   Cbottom)    Martin         409        1.61        23.14  55.10  20.1.i 

Bro\*-ning  &  Custer,    Fricnds\'illc    Martin         498        2.26        2.3.40  62.80  11.54 

O.  Friend,  Friendsvill.-   499        1.07        23.31  64.49  11.13 

O.  Friend.  Friendsvillc  Martin         499         .98       23.55  62.58  12.89 

White  Rock,  Sang  Run   500        1.44       24.28  61.81  12.47 

White  Rock,  Sang  Run  (top)    600       1.75       23.16  66.47  8.62 

Average   compofiition    1.92        23.30  61.22  13.56 

Av.  of  those  determinrd  calorimotrically 1.94        28.32  60.47  14.27 

Lower  Freeport  Coal. 

Taylor  Friend,    Friondnville    Martin         .)04       2.32       28.89  56.13  18.16 

Upper  Freeport  Coal. 

II.  Frazee,  near  Nilcs  Mill   Martin         506        1.20        26.85  62.83 

H.  Frarce,  near  Niles  Mill   Martin         505        1.13       25.48  65.66 

C.    Friend,   Friendsvillc    Martin         607        4.58       24.22  64.50 

.\verage   compoMtion    2.30        25.50  62.36  7.84 

Mahoning  Coals. 

H.   Frazcc,  Silln .sport   Martin          508        1.21        22.5S  65.68  10.53 

Cobert,   near   Friends\'ille    Martin         509       1.42        28.34  59.79  15.45 

Average   ctunpo*ition    1.81        22,96  62.74  12.99 


Caluri-  Cftlorl- 

inetnc  meirtc 

■  ~^    -salae  nluft 

S.    calories  BT.C. 


2.96 
.47 


.3.53 


6460 
55ft) 


r5f4 


11,«S 


1.71      5'»-J      ir.rf.: 


I5.fi«y 


3.1S       7748      \m* 


1.89 

7442 

1V» 

3.27 

6690 

liOC 

ao8 

68S0 

liM 

3.52 

7441 

IZJSH 

5.53 

77K 

13.933 

3.71 

7493 

1S.4S: 

2.83 

7587 

13,657 

3.54 

•  •  •  ■ 

3.r. 

.  -  •  « 

.  •  •     • 

.3.33 

7826 

12.15: 

6.64       f»7:£      11154 


9.12 

1.07 

7712 

liifi 

7.78 

1.1.-. 

7*16 

11.061 

6.61 

.96 

7442 

a»3 

l.CC        7653      13,"5 


4.64       7tiSl      IS.:* 
3.37       7085      12.'5S 

4.00       735S     13.i« 


INDEX 


Aaron  Run,  section  of  Bakerstown  coal 

on,  364. 
Accident,   horizontal   Intensity  at.   87. 
raajirnetic    Inclination   at,    77. 
magnetic  station  at,  46. 
anticline.   269. 
Accomac,  Va.,  magnetic  station  at,  61. 
Administration  of  road  funds,  148. 
A^e  of  coal,  geological,  227. 
Air  compressors  for  haulage  of  coal,  543. 
Alderson,    W.   Va..    magnetic   station   at, 

63. 
Alice  No.  1,  mine  at  Stoyer.  610. 
Allegheny   coals,   discussed.    326. 
of  Castleman  Basin.  453. 
of  Georges  Creek  Basin,  326. 
of  Lower  Youghlogheny   Basin,  496. 
of  Potomac  Basin,  409. 
of  Upper  Youghlogheny  Basin,  470. 
Allegany   county,   road   expenditures    in. 
155. 
road   Improvement   in,   162. 
Allegany-Garrett   boundary   survey,    101- 

141. 
Allegheny  epoch.  281. 
Allegheny  formations.  243,  310. 
columnar  sections  of,  297. 
composition    and    relations    of,    297. 
discussed,  246. 
sections  In,   248,   250. 
Allegheny   Mining  Co.,   517,   521. 
Ames  coal.  252. 
Ames  limestone,  307. 
American  Coal  Co.,  251,  521.  550.  580. 
section  of   Franklin   coal   on   property 
of,  374. 
Little    Pittsburg    coal    on    property 

of,  377. 
Pittsburg  coal  on  property  of,  301, 

393. 
Upper    Sewlckley    coal    on    property 

of.  402,  403. 
Waynesburg   coal    in   mine   of,   405, 
406. 
Analyses  of  coal,  620. 
proximate.  621. 
table  of.  628. 
ultimate,  622. 


Anderson,  Jake,  section  of  Upper  Free- 
port  coal  on  property  of.  436. 

Annapolis,  horizontal  intensity  at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  45,  46. 

Anne  Arundel  county,  road  expenditures 
in,  155. 

Anthracite  coal   in  Maryland,  318. 

Anticlines  and  synclines  of  coal  district, 
map  showing,  260. 

Anticline  at  Deer  Park,  265. 

Appalachian  coal  field  discussed,  232. 
development  of,  223. 

Appleton  mine.  586. 

Arnold,    Washington,    section    of    Lower 
Kittanning  coal  in  mine  of,  425. 

Arnold's    Run.    section    of    Lower    Kit- 
tanning  on,  486,  488. 

Ash,     definition  of,  621. 
determination  of,  622. 
examination  of,  625. 

Ashby,  C.  A.,  104. 

Ashby's    mine,    section    of    liowor    Kit- 
tanning  coal  in,  487. 

Asher  glade,   section  of  Upper  Freeport 
coal  near.  506,  507. 

Asplnwall,   Wm.    11..    510. 

Athey  farm,  soction  of  Brush  Crook  coal 
on,  340. 

Atkinson,  Gordon  T.,  v. 

Atlantic   and    Georges    Creek    Coal    Co., 
521. 

Azimuth  of  observations,  139. 

B 
Backbone  Mountain,  horizontal  intensity 
at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  60. 
Bakerstown    coal,    252.    304.    305,    319. 
320,  322. 
discussed,   350.   440,    468.   404.   510. 
sections  of.  350-368,  440-448,  460-474. 
495.    510. 
Baltimore,    horizontal    intensity    at,    85. 
magi\etlc  inclination  at,  75. 
magnetic  station  at,  46. 
Baltimore  county,  road  expenditures  in, 
155. 
road  Improvement  In,   165. 
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Bai'Qum, 

section  of  Bakerstowu  coal  near,  442. 
Lower  Freeport  coal  near,  431. 
Lower   Kittanning  coal    near,   415. 
Barnum  mine,  007. 

sections  of  Lower  Kittanning  coal  in, 
415. 
,  Barrellvllle, 

sections  of  Balcerstown  coal  near,  351. 
Brookville  coal  near,  328,  320. 
Brush    Creek    coal    near,    340. 
Clarion   coal   near,    332. 
Lower  Freeport  coal  near,  340. 
Bartlott    Hun,     section    of    Bakerstown 

coal  on,  357. 
Barton  coal,  305,  310,  320. 

discu.ssed,  350,  440. 
Barton  Coal  Co.,  521. 
Barton     Mining     Company,     section     of 
Upper  Sewickley  coal  on  property 
of,  403. 
Barton, 

sections  of  Bakerstown  coal  near.  356, 
357,  350,  3G0.  361,  362.  303. 
Brush  Creek  coal  near,   347. 
Conemaugh  formation  at,  251. 
Franklin   coal   near,   374. 
Little  Pittsburg  coal   near.   378. 
Mahoning  Coal  near,   345. 
Pittsburg  Coal  near,  303.  304. 
Upper   Sewickley    coal   near.    403. 
Barton  and  Georges  Creek   Valley   Coal 
Co.,   573,   575. 
section  of  Pittsburg  coal  at  mine  of, 
380,   387. 
Bauer,  L.  A.,  25,  101. 
Bayard, 

section    of    Allegheny    formation    at. 
240. 
Bakerstown  coal  near,  447. 
Bay  Ridge,  magnetic  inclination  at.  76. 

magnetic    station    at,    46. 
"  Beachy  "    coal,    304. 
Beachey'.s.  Aaron,  section  of  Grantsville 

coal  In  mine  of,  465. 
Beachwood,  section  of  Lower  Kittanning 

coal   near.  426. 
Beall,  L.  L.,  104. 
Beaman  sawmill,  section  of  Bakerstown 

coal    near,    353. 
Bear     Creek     Lumber     Co.,     section     of 
Lower   Kittanning  coal    on   prop- 
erty of,  408. 
Beckman,    Rudolph,    section    of    Bakers- 
town coal  on  property  of,  444. 
Bedford  road,  Improvement  of,  164. 
Belzel.    Henry,    section    of    Frlendsville 

coal  in  mine  of,  476. 
Belalr,   horizontal   Intensity  at,  85. 
magnetic  Inclination  at,  75. 
magnetic  station  at,  46. 


Belair-Churchville     road,     improvements 

to.  173. 
Belcamp,  horizontal  intensity  at,  85. 
magnetic  inclination  at.  75. 
magnetic  station  at.  46. 
Bender,  Joel,  sections  of   r»wer  KittuD- 

ning  coal   in  opening  of.  458. 
Bender  coal  discussed,  456. 
Ben  wood  limestone,  311. 
Berlin,  horizontal  intensity  at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  46. 
Better  roads,  movement  toward,  140. 
Betterton,  horizontal  intensity  at,  87. 
magnetic   inclination    at.    77. 
magnetic  station  at,   47. 
Bevan,  Creg,  section  of  Bakerstown  coal 

in  mine  of,  470. 
Bevansville, 

section  of  Frlendsville  coal  near,  476. 
Grantsville  coal  near.  466,  407. 
Beverly,  W.  Va.,  magnetic  station  at  03. 
Big  Savage  fire-clay  tunnel. 

section    of    Allegheny     formation    Id, 
250. 
Pottsvllle  formation  in,  245. 
Big  Shade  Run. 

section  of  Frlendsville  coal  on,  470. 
Grantsville  coal  on.  464. 
•  Big  Vein  "  coal,  310,  322,  520. 
discussed,  380. 
Irregularities  of.   557. 
thickness  of,  531. 
working  of.  632, 
Big  Vein  Hill,  section  of  Lonaconing  coal 

on,  371. 
Bittinger, 

sections  of  Bakerstown  coal  near,  472- 
474. 
Clarion  coal  at,  456. 
Frlendsville  coal  near,  476. 
Grantsville  coal  near,  468. 
Lower  Freeport  coal  near,  460. 
Mahoning  coal  near.  462. 
Bittinger.  F.  N.,  section  of  Bakerstown 

coal  In  mine  of,  474. 
Bittinger.    Jake,    section    of    Grantsvlllp 

coal  in  mine  of,  468. 
Black  Bear  mine,  section  of  Clarion  coal 

near,  412. 
Black,  Sheridan  and  Wilson  Co.,  573. 
Blackiston,  G.  P..  104. 
Blaen  Avon  Coal  Co.,  521. 
Blaine. 

sections  of  Bakerstown  coni  near.  4-14. 
Brush  Creek  coal  near,  440. 
Clarion  coal  near.  412. 
Conemaugh  forma. ion  near.  252. 
Upper  Freeport  coal  near,  432-434. 
Lower   Kittanning   coal    near,  417- 
410. 


INDEX 
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niaine, 

Pottaville    formation    at,    247. 
Blaine  Mining  Co.,  611. 

section  of   Lower  Kittanning  coal   on 
property   of,  418. 
Block  coal,  240. 
Bloomlngton, 

section  of  Bakerstown  coal  near.  440. 
Lower  Kittanning  coal  near,  338. 
Bloomlngton  coal,  319,  320,  324. 
Bluebaugh  coal  discussed,  319,  320,  328, 

409,    455. 
Bolden,    C,    120. 

Bole,   Johnny,  section  of  Lower  Kittan- 
ning coal  in  mine  of,  481. 
Bolivar  fire-clay.   300. 
Bombay  Hook.  Del.,  magnetic  station  at, 

61. 
Bonlc,     Henry,     section     of    Grantsvllle 

coal  In  mine  of,  464. 
Bonney    mine,    section    of    Little    Pitts- 
burg coal  in,  376. 
Borden    mine.    595. 
Borden  Mining  Co.,  518,  521,  595. 
section  of  Pittsburg  coal  on  property 
of,  385. 
Borden    shaft,    section    of    Monongahela 

formation    at,    255. 
Boundary  line,   length  of,   140. 

manner   of   marking.    128. 
Bowery  mine,  section  of  Pittsburg  coal 

In,  385. 
Bracket,  F.  E..  135. 
Braddock  Coal  Co.,  595. 

section    of    Upper    Frecport    coal    on 
property  of.  342. 
Braddock    Run,    section   of   Upper   Free- 
port  coal  on.  342. 
Bradshaw,  horizontal   intensity   at.   86. 
magnetic  Inclination  at.  76. 
magnetic  station  at,  47. 
Braller.  David,  694. 

Brandywine,     magnetic     Inclination     at, 
75. 
magnetic  station  at.  47. 
Brant  mine,  section   of  Upper  Freeport 

In,  342. 
Brant    Run,    section    of    Lower    Kittan- 
ning coal  near,  336. 
section  of  Upper  Freeport  coal   near, 
342. 
**  Break-throughs "   In  coal  mines,   534. 
Breneman  and  Stark's   mine,  section   of 

Bakerstown  coal  In,  473. 
Breneman,  John,  section  of  Lower  Free- 
port  coal  on  property  of,  460. 
Brew,    George,    section    of    Bakerstown 
coal  in  mine  of,   472. 


Brookville  coal  discussed.  247,  298,  319, 
320,  328,  409,  455. 
sections  of,  328-331,  454. 
sections  near  Barrellville,  328. 
Brown,  E.  Ward.  171. 
Brown,  W.  McCulloh,  104. 
Browne,  A.  L.,  219. 
Browning   and   Custer   mine,   section   of 

Lower  Kittanning  coal  in,  498. 
Brush  Creek  coal,  252,  303. 
discussed,  346,  439,  463,  509. 
sections    of,     346-350,     439-440,     403. 
509. 
Buckhannon,    W.    Va.,    magnetic    station 

at,  63. 
Buffalo  Run, 

section    of    Lower    Freeport    coal    on, 
504. 
Lower  Kittanning  coal  on,  490. 
Buffalo  sandstone,  252,  304. 
Burrell,  J.  L.  A.,  104. 
Busklrk  farm, 

section  of  T^wer  Kittanning  coal  on, 
336. 
Upper  Freeport  coal  on,  343. 
Butler,     Hampton,    section    of     Bakers- 
town coal  In  mine  of,  472. 
Buxton  mine,  615. 

section  of  Lower  Kittanning  coal   in, 
340. 


Caledonia  mines,  590. 
Caledonia  mine, 

section  of  Pittsburg  coal  at,  393. 
Upper  Sewlckley  coal  In.  403. 
Calorific  or  heating  values.  622. 

tables  of.  628. 
Calorimeter,   description   of,   623. 
Calorlmetrlc  tests,  622. 
Calvert,  horizontal  Intensity  at,  87. 

magnetic  inclination  at,  77. 

magnetic  station  at,  47. 
Calvert    county,    road    expenditures    in, 

155. 
Cambridge,  horizontal  intensity  at,  86. 

magnetic  inclination  at,  76. 

magnetic  station  at,  47. 
Camp    Fairfax,    horizontal    intensity    at, 
86. 

magnetic  station  at,  60. 
Camp  Potomac,  magnetic  station  at,  60. 
Campbell,  M.  R.,  303. 
Cannel  coal.  240. 
Carbonaceous  shales,  318. 
Carboniferous    or    Mlsslsslpplan    period, 

275. 
Carboniferous    strata    of    Nova    Scotia, 
220. 
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Cardiff,  horizontal  intensity  at.  86. 
magnetic  inclination  at,  75,  70. 
macnaetic  station  at,  47. 
Carlos,  139. 
Carlos  mines,  575. 
Carlos,    sections    of    Pittsburg    coal    at, 

386,   387. 
Caroline    county,    road   expenditures    in. 

155. 
Carroll    county,    road    expenditure.s    in, 

155. 
Castleman  Basin,  317. 
discussed,  452. 
Allegheny  coals  of,  453. 
Conemaugh  coals  of,  461. 
Pottsville  coals  of,  452. 
Castleman  River, 

section   of  Bakerstown   coal   in   R.   R. 
cut  on,  469,  470. 
Mahoning  coal  on,  462. 
Maynadier  coal  in  R.  R.  cut  on.  474. 
Castleman  syncllne,  position  of,  265. 
Castleman  Valley,  section  of  Conemaugh 

formation  in,  253. 
Castle  Run,  section  of  Bakerstown  coal 

on,  353. 
Cecil  county,  road  expenditures  In,  156. 

road  improvements  in,  170. 
Cement,  tensile  strength  of,  195. 
Cement,   tests,   194. 
Conozoic  era,  289. 

Central  avenue,   improvements  to,   183. 
Central  Coal  M.  &  M.  Co.,  521. 
Centervllle,  horizontal  Intensity  at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  48. 
Centervllle-Chestertown     road,     improve- 
ments to,  184. 
ChafFee, 

sections  of  Bakerstown  coal  near,  441, 
443. 
Brush  Creek  coal   near.  439. 
Clarion  coal  near.  411. 
Lower  Kittannin?  coal  near,  417. 
Mahoning  coal  near.  439. 
Upper  Freeport  coal  near.  431. 
Chapman  Coal  Mining  Co.,  599. 
Chapman     opening,     section     of    Barton 

coal  in,  360. 
Character  of  coal  and  Its  uses.  238. 
Character  of  the  rocks  of  the  coal  dis- 
trict. 271. 
Charles    county,    road    expenditures    in. 

156. 
Charlottesville,     Va.,     magnetic     station 

at,  62. 
Cheltenham,   magnetic  station   at,   48. 
Chemical  and  heat  producing  properties 
of  Maryland  Coals,  619. 
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gj-Cherrydale,  Va.,  magnetic  station  at,  62. 
^  Chesapeake  Coal  Co.,  518. 

Chesapeake     Junction      road,     improve- 
ments to,  184. 
Chestertown,  horizontal  intensity  at.  86. 
magnetic  inclination  at.  76. 
magnetic  station  at,  48. 
Chisholm's  boundary  line,  105.   139. 
Christiansburg,  Ya.,  magnetic  station  at, 

62. 
Churchvllle,  horizontal  Intensity  at,  Sn. 
magnetic  inclination  at,  76. 
magnetic  station  at,  49. 
Churchvllle-Havre    de    Grace    road.    Im- 
provements to,  173. 
Clarion    coal    discussed.    208.    319,   320. 
324,  331.  409.   455.  479. 
sections    of,    332,    410-412,    455,    45C, 
479. 
Clarion  sandstone.  247.  298. 
Clark,  Wm.  Bullock,  103.  219,  221,  291. 

317. 
Clark's    opening    in    Lower    Kittannlng 

coal,  423. 
Clarksburg,  W.  Va.,  magnetic  station  at. 

63. 
Clarksburg  limestone,  307. 
Clarysvllle. 

section  of  Bakerstown  coal  near,  3^2. 
Friendsville  coal  near,  369. 
Lower    Klttanning    coal    near.    335. 

336. 
Upper  Freeport  coal  near.  342. 
Cleavage  planes   in   Georges  Creek  coal. 

558. 
Coal  8  b,  306. 

anal3*ses    of.    628. 
culling  the.  539. 

distribution  and  production  of,  22S. 
from  mine  to  tipple,   method  of  con- 
veying, 551. 
early  use  of.  222.   223. 
geological  age  of.  227. 
history  of  the  use  of.  222. 
its  character  and  uses,  238. 
origin  of,  224. 
prices  for  mining.  641. 
production  in  United  States.  232. 
Northern    Appalachian.   234-237. 
prospecting  for  In  lower  beds,  322. 
position  of,  221. 

table  showing   world's  production  of. 
229. 
Coal    basins  in   Maryland,   map  showing; 
31S. 
beds,    distribution    and    character  of. 
317. 
general  relations.  317. 
cars  in  mines,  555,  556. 
Coal  companies  consolidate,  519. 
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Coal-cutting  machine,  540. 
Coal  deposits,  position  of,  221. 
Coal  district  of  Maryland, 

geology  of,  241. 

stratigraphy  of,  241. 
Coal    measures,   geological    structure   of, 

259. 
Coal     measures     of    Maryland,     section 

showing,  243. 
Coal  mine,  first,  513. 
Coal  mines  of  Maryland,  529. 
Coal  mines,  drainage  of,  549. 

lighting  of,  549. 

signals  in,  552. 

ventilation  in,  545. 
Coal  mining,  prices  paid  for,  550. 

sketch  showing  method  of,  544. 
Coal  region  history  of.  518. 
Coal  samples,  preparation  of,  619. 
Coal   seams  of   commercial    value,   table 

showing.   319. 
Coal  seams,  generalized  section  showing, 
319. 

naming  of,  321. 

table  showing  correlation  of,  320. 
Coals  of  Maryland,  report  on,  219. 
Cobert's  mine,  section  of  Mahoning  coal 

in,  509. 
Cockeysville,  horizontal  intensity  at,  85. 

magnetic  inclination  at,  75. 

magnetic  station  at,  49. 
Coking  yards,  517. 

Columnar   sections   of   Allegheny  forma- 
tion. 297. 

Coneniaugh  formation,  302. 

Dunkard  formation,  313. 

Monongahela  formation.  309. 

Pottsvllle  formation,  293. 
Compton,    Ross,    section   of    Bakerstown 

coal  in  mine  of,  470. 
Concrete  bars,  tests  on,  194. 
Conemaugh  coals  discussed,  344. 

of  Castleman  Basin,  461. 

of  Georges  Creek  Basin,  344. 

of  Lower   Youghlogheny  Basin,  506. 

of  Potomac  Basin,  438. 

of  Upper    Youghiogheny   Basin,  493. 
Conemaugh  epoch,  283. 
Conemaugh     formation     discussed,     243, 
251,   319. 

columnar  sections  of,  302. 

composition  and  relations  of,  301. 

sections  In,  251-254. 
Connell,   T.   A.,   section  of   Lower  Free- 
port  coal  In  mine  of,  490. 
Connellsvllle  sandstone,  252,  808. 
Consolidation  of  coal  companies,  519. 
Consolidation   Coal    Co.,    514,    518,    521, 
559. 


Consolidation  Coal  Co., 
mines  of,  561. 
section  of  Pittsburg  conl  on  property 

of,  383,  384. 
Unlontown    coal    In    Pumping    shaft, 

404. 
system  of  mining,  533. 
Contents,  21. 
Corinth,    section    of    Lower    Klttannlng 

coal  near,  483. 
Coromandol  Coal  Co.,  606. 
Correlation  table  of  coal  seams,  320. 
Correlation  of  the  formations  and  mem- 
bers, 291. 
Corunna,  horizontal  Intensity  at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  49. 
Cosner,  W.  H..  opening  In  Lower  Klttan- 
nlng coal,  424. 
County  road  expenditures,  153. 
County  road  law,  outline  of,  149. 
Crane's  mine,  section   of  Lower  Klttan- 
nlng coal  in,  484. 
Cranesvllle  anticline,  269. 
"  Crazy  Vein,"  section  of  Lower  Klttan- 
nlng coal  In,  497. 
Crellln, 

section  of  Clarion  coal  near,  479. 
Lower  Freeport  coal  near,  490. 
Lower    Klttannlng    coal    near.    484- 
489. 
Creswell,   magnetic  Inclination  at,  75. 

magnetic  station  at.  49. 
Crlnoldal  coal  discussed,  306,   319,   320. 

368.  448.  475,  510. 
Crlnoldal  limestone,  307. 
Crlsfield.  horizontal  intensity  at.  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  49. 
Crosby.  W.  W.,  165. 

Cross  Roads,  horizontal  Intensity  at.  88. 
magnetic  inclination  at,  78. 
magnetic  station  at,  49. 
Cross   mine,   section   of   Upper   Freeport 

coal  In.  493. 
Culling  the  coal,  539. 
Culpeper,   Va..   magnetic  station   at.   62. 
Cumberland,  horizontal  Intensity  at,  85. 
magnetic  Inclination  at,  75. 
magnetic  station  at,  49. 
Cumberland  Basin  Coal  Qp.,  593. 

sections   of  Clarion   coal   in   mine  of. 
332. 
Cumberland  coal,  530. 
Cumberland-Georges  Creek  Coal  Co..  60.^. 
section   of  Bakerstown   coal   on   prop- 
erty of.  366. 
Lower  Klttannlng  coal   In   mine  of, 
337. 
Cumberland  Coal  and  Iron  Co.,  518,  521. 
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Dagsboro,  Del.,  magnetic  station  at,  Gl. 
Damascus,  horizontal  intensity  at,  SO. 
magnetic  inclination  at,  76. 
magnetic  station  at,  40. 
Dans    Mountain,    section    of    Brookvllle 

coal  on.  331. 
Darton,  N.  H.,  250.  261,  262. 
Dntosman  Coal  Company.  610. 
Davis.  Wm..  175.  176. 
Davis  Coal  and  Colte  Company,  414.  437. 
438.  440.  614. 
section    of    Clarion    coal    on    property 
of.  332. 
Lower  Kittanning  coal   in   mine  of. 

340,  426-428. 
IMttsburg  coal  in  mine  of.  397. 
Upper    Sewlckley    coal    on    property 

of,  404. 
Upper  Freeport  coal  in,  437,  438. 
Davis  coal  discussed.  248.  310,  320.  334. 
413. 
section  of.  427,  428. 
Davis  and  Rieman.  521. 
Dawson,  J.   W..   226. 
**  Deal  mine,"  section  of  Upper  FYeoport 

coal  in.  404. 
Deep   Creelc,    section    of    I>ower    Klttan- 

ning  coal  near,  480. 
Deer  Parle  anticline.  265. 
Deer  Creek  Farmer's  Club,  146. 
Delaware,  magnetic  stations  In.  61. 
Denton,  magnetic  station  at,  40. 
Derwood,  magnetic  declination  at.  44. 
horizontal   intensity  at,  88. 
magnetic  inclination  at,  78. 
magnetic  station   at,  50. 
Detmold  Hill, 

section  of  Bakerstown  coal  on,  355. 
Tjonaconlng  coal  on.  371. 
Upper  Sewickley  coal  on,  401. 
Devecmon*s  mine,  section  of  Upper  Free- 
port  coal  in,  402. 
DIckerson.  horizontal  intensity  at,  85. 
magnetic  inclination  at.  75. 
magnetic  station  at.   50. 
DIckerson  road,  improvements  to,  170. 
Dill  No.   1   mine,  614. 
••  Dirty   nine-foot "    coal    discussed,    252. 

:J08.  371. 
Distribution   of.  magnetic    inclination    or 
dip  for  .January,  1000.  64. 
magnetic  declination   In   Maryland  for 
.Tannnry  1,  1000.  28. 
Distribution  and  charact<»r  of  Marylan<l 

conl  beds,  317. 
Distribution  and  production  of  coal,  228. 
Diurnal    variation,    horizontal    Intensity. 
66,  67.  80. 
magnetic  dip,  70. 
vertical  intensity,  68,  60. 


Dobbin,     section     of     Low«^r     Kittannlog 

coal  near.  425. 
Dog   Town,    section    of  Bakerstown  coal 

near,  361. 
Dorchester  county,  road  expenditures  In. 

150. 
Dorrey   test.   200. 
Dorsi^y.   Albert.    17S. 
Drainage  of  coal  mines.  540. 
'•  Drawing  pillars."  53G. 
Dublin,  horizontal   Intensity  at,  80. 
magnetic  inclination  at.  76. 
magnetic  station  at.  50. 
**  Dug  Hill."  section  of  Dunkard  form.a- 

tion  on,  258. 
Dunkard  coals  discussed,   4(»0. 

of  the  Georges  Creek  Basin.  400. 
Dunkard  epoch,  280. 
Dunkard  formation.  243.  310. 
columnar  sections  of.  258,  313. 
composition  and  relations.  312. 
discussed.  258. 
Durst.  J.  L..  section  of  Bakerstown  coal 
In  mine  of,   471. 


Eastern  avenue,  improvement  of.  Ififi. 
Easton,  horizontal  intensity  at,  85. 
magnetic  inclination  at.  75. 
magnetic  station  at.  50. 
I<]ckhart    mine.    Consolidation    Coal  Co.. 
000. 
section  of  Pittsburg  coal  In.  SSS. 
Bakerstown  coal  near,  352. 
Brookvllle  coal,  320. 
Upper  Sewickley  coal  at,  400. 
Elkrldge.  M.  O..  185. 
Elkgarden.  252. 

section    of    Pittsburg    coal    at.  451. 
Elkgarden  coal  discussed.  310,  320,  3Sn 
Elkgarden  formation.  300. 
Elkllck    coal    discussed.    307.    319.   320. 

369. 
Elkllck  Run, 

section  of  Lower  Klttannlng  coal  on. 
416. 
Upper  l^'reeport  coal  on,  ?a:\. 
Elkton,  horizontal  intensity  at,  ^."i. 
masrnetlc  inclination  at.  75. 
magnetic  station  at.  50. 
Elkton-Blue   Ball   road,    improvenn'nt  t<>. 

172. 
F:ilIcott  City,  horlzont^il  Int^-nslty  nt.  S'l. 
raajrnetlc  inclination  at,  75. 
magnetic  station  nt.  50. 
Empire,    section    of    Clarion    conl   near. 

410. 
Enterprise  mine.  500. 
Equal  magnetic  declination,  map  of.  44. 
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Excelsior  mine,  No.  2,  section  of  Pitts- 
burg coal  in,  306. 

Expenditures  on  roads  in  counties,  153- 
158. 


Fahey's  mine, 

section  of  Clarion  coal  on,  412. 
Lower  Kittanning  coal  in,  419. 
Fairfax,  Va.,  magnetic  station  at,  62. 
Fairfax   Camp,   magnetic   inclination  at, 

76. 
Fairfax  formation,  307. 
Fairfax  meridian  line,  magnetic  stations 

along,  60. 
Fairfax    stone,    horizontal    intensity    at, 
86. 
magnetic  station  at,  60. 
magnetic  inclination  at,   76. 
Fair  Haven,  horizontal  intensity  at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  51. 
Fairweather  and  Ladue,  opening  of,  329. 
Fallston  road,  improvements  to,  174. 
Farmington  coal,  303. 
Fazenbalier,    M.    N.,    section    of    Bakers- 
town  conl  in  opening  of,  360,  364. 
Fazenbaker,     O.     C,     section    of     Little 
Pittsburg  coal  in  opening  of,  378. 
Fearer,   section  of   Lower  Froeport  coal 

near,  504. 
Ferndale  mine,  603. 
Ferriferous  limestone,  208. 
Field  work  of  Highway  Division.  160. 
Flke.   Chris.,   section   of   I.,ower   Froeport 

coal  in  mine  of,  504. 
Fike's  Hill,  horizontal  intensity  at.  87. 
magnetic  inclination  at,  77. 
magnetic  station  at,   60,  61. 
Fire  Clay  Hill,  139. 
Fire-damp,  548. 
Fixed  Carbon,  definition  of,  621. 

determination  of,  628. 
Fleming,  J.  A.,  30,  74,  77,  98. 
Fodge,  Jas.  W.,  section  of  Lower  Kittan- 
ning coal  in  opening  of,  481. 
Foley  Mountain,  horizontal  intensity  at, 
86. 
magnetic  station  at,  61. 
Forest  Glen,  horizontal  intensity  at,  85. 
Forest  Glen,  magnetic  Inclination  at,  76. 

magnetic  station  at,   51. 
Forest  Hill,  horizontal  intensity  at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  51. 
Forest  Hill  road,  improvements  to.  174. 
Formations  and  members  correlated,  291. 
Fort  McHenry,  magnetic  station  at,  46. 


Fountain     Green,     magnetic     inclination 
at,  75. 
magnetic  station  at,  51. 
"  Four-foot "    coal    discussed,    305,    350, 

440,  497,  504. 
"  Fourteen-foot "  coal,  310,   529. 
Franklin, 

sections  of  Bakerstown  coal  near,  366, 
367,  368. 
Brush  Creek  coal  near,  350. 
Franklin  coal  near,  373,  375,  376. 
Little  Pittsburg  coal  near,  378. 
Lower  Freeport  coal   near,   341. 
Lower  Kittanning  coal   at,   337. 
I'lttsburg  coal  near,  396. 
"  Split-six  "  coal  near.  333. 
Upper  Freeport  coal  near,  344. 
Upper  Sewickley  coal  near,  404. 
Franklin  coal   discussed.   252,    308,   319, 
320,  371,  511. 
sections  of,  372-376,  511. 
Franklin  Coal  Co.,  521,  523. 
Franklin  Hill. 

section  of  Pittsburg  coal  on,  397,  398. 
Upper  Sewickley  coal  on,  404. 
Franklin  mine,  603. 
Franklin  plane. 

section  of  Bakerstown  coal  near,  367, 
368 
Franklin  coal  on,  375,  376. 
F razee,    Albert,    section   of   Lower   Free- 
port  coal  in  mine  of,  504. 
Frazee,    H.    M.,    sections    of    Mahoning 

coal  in  mine  of,  508. 
Frazee,   Hiram,    section    of   Upper    Free- 
port  coal  in  mine  of,  505. 
Frazee,  Lucien,  section  of  Franklin  coal 

in  mine  of,  511. 
Frazee's   lower   seam,    section    of    Upper 

Freeport  coal  in,  505. 
Frazee's  upper  seam,  section  of  Mahon- 
ing coal  in,  508. 
Frederick,   horizontal   intensity   at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  51. 
Frederick  county,   road  expenditures   in, 

156. 
Freeport  coals.  248. 

Freight  rate  on  coal  in  early  days,  517. 
Frlckey.  Wlllard,  section  of  Ix)wer  Free- 
port  coal  on  property  of,  460. 
Friend,     Capt.,    section    of    Bakerstown 

coal  in  mine  of,  510. 
Friend,    C.    section    of    Upper    Freeimrt 

coal  in  mine  of,  507. 
Friend,  Oscar,  section  of  Tjower  Kittan- 
ning coal  in  mine  of,  499.  500. 
Friend.   Taylor,  section   of   Lower   Free- 
port  coal  in  mine  of,  504. 
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Frieudsvllle, 

section  of  MahonlnK  coal  near,  509. 
Brush  Creek  coal  near,  509. 
Conemaugh  formation  near,  254. 
Frlendsville  coal  near,  511. 
Little  Pittsburg  coal  near.  512. 
Lower  F^eeport  coal  near.  604. 
Lower    Klttanning    coal    near.    497- 

500. 
Upper  Free  port  coal  near,  507. 
Friendsville    coal    discussed.    252,    306, 
319,   320,   368,   448,   475,   476. 
sections  of,   369,   448,   449,   476,    510, 
611. 
Frost  mine,  571. 

Frostburg,  discovery  of  coal  at,  223. 
Monongahela  formation  near,  255. 
Frostburg,  Mt.  Savage  coal,  327. 
Pittsburg  coal  near,  382. 
L'niontown  coal  at,  404. 
Washington  coal  near,  407. 
Frostburg  Coal  Mining  Co.,  517,   596. 
section      of      Bakerstown      coal      on 
property  of,  365. 
Brush   Creek    coal    on    property   of. 

849. 
Upper  Freeport  coal  on  property  of, 
343. 
Frostburg  formation,  313. 
Frostburg  Mining  Co.,  618. 
Frostburg  section  of  Lower   Klttanning 
coal  near,  334. 


Gaithersburg,     horizontal     intensity     at, 
87.  88. 
magnetic  inclination  at,  77.  78. 
magnetic  disturbance  at,  44. 
magnetic  station  at,  51. 
Gannon.  M.  P., 

section   of   Bakerstown   coal    in   open- 
ing of,  368. 
Pittsburg  coal  in  opening  of,  396. 
Gannon's    prospect,     section    of    Ijower 

Klttanning  at.  337. 
Garrett    county,    road    expenditures    in, 
156. 
road  improvements  in.  172. 
Garrett  County   Coal    and    Mining   Com- 
pany. 611,  014. 
Garrett  proi)erty,  section  of  Upper  Free- 
port  coal  on.  493. 
Garrison  road,  improvement  of,  165. 
"  Gas  "  coal,  311.  399,  558. 
Gases  in  conl  mines,  548. 
Geologic  history  of  coal  measures,  274. 
Geological  age  of  coal,  227. 
Geological    structure   of    Maryland    coal 
measures,  259. 


Geology  of  Maryland  coal  district.  241. 
Georges  Creek  Basin  discussed.  317.  321. 
Allegheny  coals  of,  326. 
Dunkard  coals  of.  406. 
Monongahela  coals  of,  379. 
Pottsvllle  coals  of.  323. 
Georges     Creek-Upper     Potomac     Basin, 

629. 
Georges   Creek-Upper    Potomac   syncllne, 

position  of,  260. 
Georges    Creek    and    Bald     Knob    Coal 

Company,  594. 
Georges  Creek  and  Bald  Knob  Coal  Co., 
section     of     Pittsburg     coal     on 
property  of,  379. 
Redstone  coal  on  property  of,  399. 
Georges  Creek  Coal   and   Iron  Co.,  518. 
621,  559,  577. 
diagram    showing    system    of   mining. 

532. 
section  of  Franklin    coal    on   property 
of,  373. 
Lonaconing  coal  In  mine  of,  370. 
Lower  Klttanning  coal  on  property 

of,  338. 
Upper    Sewickley    coftl    on   property 
of,  402. 
track  arrangement  of,   574. 
Georges  Creek  Mining  Co.,  521. 
Georges  Creek  syncllne  described.  262. 
Gllraore. 

section     of     T^ower     Klttanning    coal 
near,  336. 
Upper  Freeport  coal  near.  343. 
Gise,  section  of  Franklin  coal  near,  511. 
Gorman  Plane, 
section  of  Bakerstown  coal  near.  368. 
Franklin  coal  near,  373. 
Lower  Freeport  coal  at,  341. 
Upper  Freeport  coal  near.  344. 
Gorman    tipple,    section    of    **  Split-six " 

coal  at,  333. 
Gorman,     sections     of     Upper     Freeport 

coal  near,  435,  436. 
Gormanla.    section    of    Upper    Freeport 

coal  near,  437. 
Grafton.    W.    Va.,    magnetic    station   at. 

63. 
Grantsvllle,  horizontal  intensity  at.  87. 
magnetic  inclination  at,  77. 
magnetic  station  at,  61. 
section  of  Bakerstown  coal  near.  469. 
Friendsville   coal  near.   476. 
Grantsvllle  coal  near,  464,  465. 
Monongahela  formation  near,  257. 
Grantsvllle  coal  discussed,  304,  310.  320, 
463. 
sections  of  404-468. 
"Great"  limestone.  311. 
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Oroenbrler  epoch,  277. 

Green    Spring   avenue,    improvement   of, 
160. 

"Green  County  Group,"  313. 

Green,  .T.  O.  J.,  fl re-coal  mine  of,  332. 
section  of  Brush  Creek  coal  on  prop- 
erty of,  348. 
Clarion   coal    on    property    of,    332, 
331>. 

Grove.    James,    section    of    Balcerstown 
coal  in  opening;  of,  367. 

Guthrie's    mine,    section    of    Lower    Kit- 
tanning  coal  in,  486. 

H 

Hngerstown,  horizontal  intensity  at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  52. 
Hallofleld  road,  improvements  to,  175. 
Hamil's    opening    in    Balcerstown    coal, 
444. 
Brush  Oeek  coal.  440. 
Lower  Klttanning  coal,  417. 
Elamilton  avenue,  improvement  of,  166. 
riampshire    and    Bafto.    Coal    Company, 

521. 
Hampshire  mine,  601. 
Hancock,  horizontal  intensity  at,  86. 
mngnetic  inclination  at,  76. 
magnetic  station  at,  63. 
Handwerk.    J.,    section    of    Bakerstown 

conl  in  mine  of,  471. 
Hansen.    Philip,   section   of   Bakerstown 

coal  on  farm  of,  350. 
nardlnjj.  H.  IL,  177. 
Harford    Furnace,    magnetic    Inclination 
at.  75. 
magnetic  station  at,  62. 
Harford   county,    road    expenditures    in, 
156. 
road  improvements  In,   173. 
Hamed's  boundary  line,  106. 
Harrlnptm,    Del.,    magnetic    station    at, 

61. 
Harris.  J.  M.,  104. 
Harrison,  C.  T..  162 
Harrison,  W.  Va., 

section    of    Allegheny    formation    at, 
240. 
Clarion  coal  near,  412. 
l/ower   Klttanning    coal    near.    420, 

422. 
Upper  Free  port  coal  near,  434. 
Upper  Klttanning  near.  430. 
Harvey,  BenJ.,  section  of  Upper  Freeport 

coal  in  mine  of,  435. 
Harvey,    Jas..    section    of    Frlendsville 
coal  in  mine  of.  440. 


Harvey,    N.    B.,    section    of   Bakerstown 

conl  in  mine  of,  445. 
Haulage  of  coal,  542. 
Havre  de  Grace,  horizontal  intensity  at. 
87. 
magnetic  inclination  at,  77. 
magnetic  station  at.  52. 
Hendricks.  W,  Va.,  mngnetic  station  at. 

63. 
Henry, 

section  of  Allegheny  formation  at.  248. 
Bakerstown  coal  at,  448. 
Lower  Klttanning  coal  at,  427. 
Pottsvllle  formation  at,  247. 
Herring,    David,    section   of   Friendsvllle 

coal  in  mine  of.  511. 
Herrlngton  Creek,  section  of  Lower  Klt- 
tanning coal  In  test  hole  on,  482. 
Hickory,  magnetic  inclination  at,  76. 

mngnetic  station  at,  52. 
Highland,  magnetic  Inclination  at.  76. 

magnetic  station  at.  52. 
Highland  mines,  horizontal  intensity.  86. 
Highway  Division,  form  of  specifications 

and  bond  used  by,  203. 
Highway  operations   In   1902   nnd   1003. 

150. 
Highway  report.  145. 
Hill    Run,   section   of   Brush   Creek   coal 

near.  346. 
Hlllen  rond.  Improvement  of,  160. 
History  of  Maryland  coal  region,  513. 
History  of  the  use  of  coal,  222. 
Hltchlns.  H.  &  W.  A.,  695. 
Hixenbaugh  tract,  621. 
Hodge.  J.  T.,  520. 
Hodgkins,  W.  C,  127. 
Hoffman,    section    of   Pittsburg   coal    at. 

384. 
Hoffman  mine.  564. 
Hohing.   section   of   Tx>naconing  conl   on 

property  of,  371. 
Homewood  sandstone.  244,  247. 
Homewood  sandstone  described,  200. 
**  Honeycomb "  coal  discussed,  304.  305. 

468. 
Hood's  Mill  road,  Improvement  to.  178. 
Horizontal  intensity  at  various  stations. 
85. 
distribution  of,  78. 
diurnal  variation  of,  66,  67. 
mean  diurnal  variation,  80. 
values  of,  84. 
Howard    county,    road    expenditures    In. 
157. 
road  improvements  in.  174. 
Hoy  tracts,  521. 
Humbertson  tract,  521. 
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Hunting    Hill,    horizontal    intensity    ut, 
88. 

magnetic  inclination  at,  78. 

magnetic  station  at,  52. 
Hurloclc,  horizontal  intensity  at,  85. 

magnetic  inclination  at,  75. 

magnetic  station  at,  52. 
Hyde's,   horizontal   intensity  at,  86. 

magnetic  inclination  at,  7G. 

magnetic  station  at,  52. 


Jackson  mines,  580. 
Jaclcson  mine, 

section     of     Monongahela     formation 
near,  257. 
Pittsburg  coal  at,  391. 
Jackson  Hill,  section  of  Upper  Sewickley 

coal  on,  402. 
Jacobs  tract,  521. 
Jennings  Brrs.,  It.  R.,  452. 
Jennings  Mill,  253. 

bore-hole  at,  302,  452.  461. 
section  of  Allegheny  formation  at,  250. 
Bakerstown  coal  near,  470-472. 
Brush  Creek  coal  at,  463. 
Orantsville  coal  near,  466,  467,  468. 
Lower  Freeport  coal  at,  450. 
Maynadler  coal  near,  475. 
Johnson,  A.  N.,  145. 
Johnson   (Shaw),  521. 
Jollytown  coal.  314,  319,  320. 

limestone,  314. 
Joppa  road,  improvement  of,   168. 

K 

Kearney,    section    of    Bakerstown    coal 
near.  445. 

Kelso  Gap.   section   of   Friendsville   coal 
near,  440. 

Kent  county,  road  expenditures  in,  157. 

Kent  Island,  horizontal  Intensity  at,  86. 
magnetic  inclination  on,  76. 
magnetic  station  at.  52,  53. 

Keyser,  W.  Va..  magnetic  station  at,  63. 

Klngslnnd  mine.  586. 

section      of     Monongahela      formation 
above.  257. 
T'pper  Sewickley  coal  near,  402. 

Klnsinger's  mine,  section  of  Bakerstown 
coal  in,  460. 

Kite  tract.  521. 

Kittannlnp  sandstone  (lescril)od,  200. 

Kittanning  seam,  248. 

KImmel,    Chauncey.    section    of    Bakers- 
town coal   In  mine  of.  405. 

Kltzmlller   mine,   section   of   Lower   Kit- 
tanning  coal  in.  418. 


Koontz,  521. 

section  of  Bakerstown  coal  near,  353. 
Lona coning  coal  near,  370. 
Monongahela  formation  at,  25t>. 
Pittsburg  coal  at,  388. 
Upper  Sewickley  coal  near,  401. 
Koontz  coal  discussed,  312.  404. 
Koontz  mine,  591. 
Krug, 

sections    of    Lower     Kit  tanning    coal 
near.  501.  502. 
'•  Split-six  "  coal  near,  407. 


Labor,  history  of,  in  coal  region,  523. 
Laboratory   work   of   Highway   Division. 

187. 
La  Plata,  horizontal  Intensity  at.  85. 
magnetic  inclination  at.  75. 
magnetic  station  at,  53. 
Later     Carboniferous     or     I'ennsylvanla 

period,  278. 
Latitudes  and  longitudes,  141. 
Laugan,   George,   sftction   of  Bakerstown 

coal  in  opening  of.  357. 
Laurel,  horizontal  Intensity  at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  54. 
Laurel  Run, 

section  of  Bakerstown  coal  near,  IQ^. 
358.  359. 
Clarion  coal  on,  410. 
Lower  Klttanning  coal  on,  425.  4*^4. 

601,  502. 
Upper  Freeport  coal  on,  507. 
Laws  of  Maryland  relating  to  l^ouadarr 
line  between    Allegany   and  Gar- 
rett counties,  101. 
I^eatham,  Chas..  508. 
Leesburg,  Va..  magnetic  station  at.  62. 
Legeer.    M.,    section   of   Clarion  coal  on 

property  of,  456. 
Leonardtown,  horizontal  intensity  at,  85. 
magnetic  inclination  at.  75. 
magnetic  station  at.  53. 
Leonardtown    square,    improvement    to. 

186. 
Lesley.  J.  P..  294,  310. 
Letter  of  transmittal,  ix. 
Lewis,  Daniel,  section  of  Tapper  Freeport 

coal  in  mine  of.  401. 
Liberty,  horizontal  Intensity  at,  87. 
magnetic  inclination  at,  77. 
magnetic  station  at.  54. 
Lighting  of  coal  mines.  540. 
Linden,  horizontal  Intensity  at.  80. 
magnetic  Inclination  at.  76. 
magnetic  station  at.  54. 
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Little  Allegany, 

section    of    Pittsburg    coal    near,    380, 
381. 
Upper  Se  wick  ley  coal  near,  400. 
Little    Clarksburg    coal    discussed,    308, 

319,    320,   371,  511. 
Little    Laurel    Run,    section    of    Lower 

Freeport  coal  on,  459. 
Little  Pittsburg  coal  discussed,  252,  308, 

319,  320,  376,  511. 
sections  of,  376-378,  512. 

LislK)n,  hori2ontai  intensity  at,  87. 
magnetic  inclination  at,  77. 
magnetic  station  at,  54. 
Loarville, 

section  of  Bakerstown  coal  near,  353. 
BrookvlUe  coal  near,  330,  331. 
Location  of  first  coal  mine,  513. 
Hiohr,  Peter,  section  of  Bakerstown  coal 

In  mine  of,  473. 
Lonaconing,  horizontal  Intensity  at,  87. 
magnetic  inclination  at,  77. 
magnetic  station  at,  54. 
sections  of  Bakerstown  coal  near,  354, 
355,  356. 
Brush  Creek  coal  near.  346. 
Dunkard  formation  near,  258. 
Franklin  coal  near,  373. 
Lonaconing  coal  near,  370,  371. 
Little  Pittsburg  coal  near,  376. 
Pittsburg  coal   near,  389. 
Lower  Sewlckley  coal  at,  399. 
Monongahela     formation     at,     256, 

257. 
Upper  Freeport  coal  near.  343. 
Upper  Sewlckley  coal  near,  402. 
Wayne sburg  coal  near,  405. 
Lonaconing  coal  discussed,  252,  307.  310, 

320,  369. 
sections  of,  369-371. 

lonaconing  Coal  Co.,  604. 

Lostland  Run,  sections  of  Lower  Kittan- 

nlng  coal  on,  420,  421. 
Lower  Barren  measures,  301,  344. 
Ijower  Cambridge  limestone,  304. 
I-<ower    Connoqucnesslng    sandstone    de- 
scribed. 295. 
Lower  Freeport  coal  discussed,  300.  319. 

320.  340,  431.  459,  489,  503. 
sections    of   340.    341.    459,    460,   489, 

490,  503,  504. 
Ix)wer  Freeport  limestone,  300. 
Lower  Freeport  sandstone,  300. 
Lower  Hill,  horizontal  Intensity  at,  87. 

magnetic  station  at,  60. 
Lower     (and    Middle)     Klttannlng    coal 

discussed,     299,     322,     334,     413, 

456,  497. 
sections    of.    319,    320.    334-340.    413- 

429,  457,  468,  480-489,  497-503. 


Lower  Mahoning  sandstone,  301. 
Lower  Mercer  coal,  296,  319,  320,  325. 
Lower  IMttsburg  coal,  308. 
Lower  red  shales,  305. 
Lower    Sewickley    coal    discussed.     256. 
311,  310,  320,  399. 
section  of,  399. 
Ix)wer  Sharon  coal,  sections  of,  319.  320, 

323. 
rA)wer     Youghiogheny     Basin     discussoU, 
317,  494. 
Allegheny  coals  of,  496. 
Conemaugh  coals  of,  506. 
PottsvlUe  coals  of,  496. 
Lower  Youghiogheny  syncline,  270. 
Luke,    section    of    Mount    Savage    coal 

opposite.  327. 
Lyell.  Sir  Chas.,  307. 


M 

Macadam  materials,  tests  of,  187. 
Magnetic      components      in      Maryland, 

table  showing,  91-95. 
Magnetic      declinations      along      county 
boundary  line,  136. 
map  of  equal,  44. 
observations,  34-43. 
observed  at  Linden,  1896  to  1901.  30. 
observed  at  various  stations  in  Mary- 
land, 1896  to  1899,  31. 
observed  by  Western  Boundary  Survey 
in  1897,  33. 
Magnetic  dip,  diurnal  variation  of,  70. 
Magnetic    elements    In    Maryland,    table 

showing,  91-95. 
Magnetic    inclinations.     Linden    station. 
74. 
Maryland  stations,  75-77. 
Magnetic  observatory  at  Cheltenham,  28. 
Magnetic   readings   along  county   Iwund- 

ary  line,  134. 
Magnetic  report,  introduction  to,  25. 
Magnetic     stations     along      "  Fairfax " 
meridian  line,  60. 
description  of,  45. 
In  Delaware,  61. 
In  Maryland,  45-64. 
In  West  Virginia,  63,  64. 
Magnetic    Survey    of    Holland    compared 

to  that  of  Maryland.  26. 
Magnetic  work  done   in  connection  with 

county  boundary  line,  133. 
Mahoning  coal  discussed,  303.  319,  320, 
344.  438,   462,   507,  508. 
sections   of   344,    345,    439,    462,    508, 
509. 
Mahoning  limestone.  301. 
Mahoning  sandstone,  247,  251. 
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Manchester,  horizontal   Intensity  at,  87. 
maf^netic  inclination  at.  77. 
magnetic  station  at,  54. 
Map  showing  anticlines  and  synclines  of 

coal  district,  260. 
Mortin,  Geo.  (\,  219.  241,  291,  317. 
Maryland    coal    beds,    distribution    and 

character  of,  317. 
Maryland  Coal  Co.,  586. 

section   of  Balierstown   coal   on   prop- 
erty of.  353. 
rx)wer    Scwickley    on    property    of. 

399. 
Pittsburg  coal  on  property  of,  389. 
Upper    Sewlclcley    coal    on    property 
of,  401,  402. 
Maryland  coal  district,  geology  of,  241. 
Maryland   coal    measures,  section    show- 
ing, 243. 
stratigraphy  of,  241. 
Maryland  or  Savage  Mt.  Coal  Co.,  521. 
Maryland  magnetic  stations,   45-61. 
Maryland  Mining  Co.,  516. 
Maryland    Heights,    horizontal    Intensity 
at.   86. 
magnetic  inclination  at,   76. 
magnetic  station  at,  54. 
Maryland,  road  expenditures  In.  158. 
Mason  and  Dixon  Line,  horizontal  Inten- 
sity on,  87. 
magnetic  Inclination  at,  77. 
inagnetir  station  on,  60. 
Masontown  coal  discussed,  303.  319,  320. 

345.   439.  463. 
Massey,  horizontal  Intensity  at.  85. 
magnetic  Inclination  at.  75. 
magnetic  station  at.  55. 
Mauch  Chunk  epoch,  278. 
Maynadier  coal  discus.sed.  252,  306,  319, 
320,  474. 
.sections  of,  474.  475. 
Maynadier  tract, 

section  of  Bakerstown  coal  on,  472. 
Maynadier  coal   on.  475. 
McChesney,  E.  K..  181. 
McGlone  mine,  593. 
McHenry.   horizontal   intensity  at.   87. 
magnetic  Inclination  at.  77. 
magnetic   station    at.    55. 
sections    of    Lower     Kittanning    coal 
nenr.  458. 
McMullen.    section    of    Bakerstown    coal 

nenr  house  of.  355. 
McNeil's  mine,  section  of  IIpi)er  Freeport 

coal    In,   494. 
Mechanlcsville.    horizontal    Intensity    at. 
85. 
magnetic  Inclination  at,  75. 
magnetic  station  at,  65. 
Mercer  coals,  244. 


Mesozoic  era,  289. 

Method  of  conveying  coal  from  miD<>s  to 

tipples.  551. 
Methods  of  observing  and  reducing  mug- 

netlc  declination.   28. 
Meyer,     Isaac,    .section     of    Lower    Kit- 
tanning  coal  In  mine  of,  499. 
Meyer,  Isaltel,  section  of  Bakerstown  coal 

on  property  of,  362. 
Meyer's    house,    section    of    Bakerstown 

coal  near,   358. 
Michael,  Ezra, 

section  of  Bakerstown  coal  near  house 

of,  363. 
Little  Pittsburg  near  bouse  of,  378. 
Michaels    Run,    section    of    Bakerstown 

coal  on,  363. 
Michael,    Peter,    section    of   Upper  Fn^ 

port  coal  on  property  of.  343. 
Michael,    T.    P..    .section    of    Bakprstown 

coal  near  house  of,  364. 
Mlchler  monument,   141. 
MIddlebrook.  horizontal  intensity  at.  .^S. 
magnetic  inclination  at,  7S. 
magnetic  station  at.  55. 
Middle    Kittanning   coal    discussed.   2P0. 

319.  320,   334,  413.  456. 
Midland  Mining  Co.,  599. 
Midlothian  Coal  and  Iron  Co.,  521. 
Midlothian,  section  of  Pittsburg  cojil  at, 

385. 
MIer.  .Tnnies.  section  of  Bakerstown  coil 

near  house  of.  354.  355. 
Mileage  of  Maryland  roads.    153. 
Mill  Run. 

section    of   Bakerstown    coal    on,  360. 

362. 
Brush  Creek  coal  on.  348.  349. 
Upper  Freeport  on,  343. 
Miller,  John,  section  of  Bakerstown  coal 

in    mine  of.   471. 
Miller    Run.    section   of   Upper   Freeport 

coal  on.  494. 
Millstone   Hollow,   section   of  Brookvllle 

coal  at,  329. 
Mine  cars,  555.  556. 
Mine  tracks.  544. 

Mine  No.  1  of  0.  C.  C.  &  I.  Co..  577. 
Minefield,  horizontal    intensity  at.  86. 
magnetic   Inclination   at.    76. 
magnetic  station  at.  55. 
Mineral   Spring,   section   of  Upper  Free- 
port  coal    near,   505. 
Mining,   methods  of,  630. 
Mississlppian  period,  275. 
Moisture,  definition  of,  621. 

determination  of.  621. 
Monongahela  coals  discussed.  379. 
of  Georges  Creek  Basin.   379. 
of  Potomac  Basin,   449. 
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Monongabela  epoch,  287. 
Monongabela  formation,  243,  255,  310. 
Monongabela    formation,    columnar    sec- 
;  tlons  of,  309. 
composition  and  relations  of,  308. 
sections   In,   255-257. 
"  Monongabela  Series."  300. 
Monroe  Conl  Mining  Co..  607. 

sections  of  Bakerstown  coal  In  mines 
of.  442. 
Montell    Tunnel,    section    of    Brookvllle 

coal  at,  330. 
Montgomery    county,    rend    expenditures 
In,  157. 
road  Improvement.s  In.   170. 
Moon   Ridge,  section  of  Upper  Froeport 

conl  nt.  436. 
Moore,  Henry. 

section  of  Bakerstown  coal  In  opening 
of,   362. 
Brush    Creek    coal    near    house    of. 
Ml. 
Moore,  Isabel,  section  of  Mahoning  coal 

on  property  of,  .345. 
Moores    Run, 

section    of   Bakerstown    coal   on,    361, 
362. 
Brush  Creek  coal  on,  347. 
Mahoning  coal  near,  345. 
Moorednle  mine,  603. 
Morantown,   section   of  LonaconlujC   coal 

near,  360. 
Morgan  town  limestone.  307. 
Morgantown  sandstone,   2.'>2. 
Morgart's  tract, 

section  of  Mnynadler  coal   on,   475. 
Bakerstown  coal  on,  472. 
Morrison  mine.  506. 

section  of  Brush  Crook  coal  at,  340. 
Freeport  coal  at.  343. 
Moscow,    sections    of    Bakerstown    coal 

near,  358. 
Moscow-Georges  Creek   Mining  Co..  601. 
section   of  Bakerstown   coal   on    prop- 
erty of.   360. 
Moscow  Mills. 

section  of  Bakerstown  coal  near,  358. 
Little   Pittsburg  near,  377. 
Moscow  mines,  602,  604. 

PIttslniri:  coal  near,  300,  392. 
Mount  Savapo. 

sections  of  Bakerstown  coal  near.  350, 
351. 
Brush  Crook  coal  near,   34.').  346. 
Franklin  coal  near,  372. 
Lonaconlng    coal     near.     .'^60.     370. 

372. 
Mahoning   coal    near,   344. 
Mt.  Savage  coal  near,  326. 


Mount  Savage, 
sections  of  liakorstown  coal  near, 
Pittsburg  coal  near,  379. 
Redstone  coal  near,  309. 
Upper  Freeport  coal  near,  341. 
Mount    Savage    or    Upper    Mercer    coal, 

described.  206,  324. 
Mt.  Savage  coal  discussed,  319,  320,  453, 
478. 
sections  of.  326,  327,  453,  478. 
Mt.  Savage  fire-clay,  296,  325. 
Mt.  Savage  Iron  Co.,  518. 
Mt.  Savage  plane,  section  of  Bakerstown 

coal   near,  351. 
Mt.  ZIon  Church. 

section  of  Friondsville  coal  near,  448. 
Lower  KIttanning  coal  near.  416. 
Mowbray.  .Tohn,  section  of  Brush  Creek 

on    property  of,    347. 
Mullen.  .Tosoph.   175,  17S. 
Mussellman   farm,   514. 

N 

Naminj;  of  coal  seams,  321. 
National   Coal   (^o..   521. 
National  Road,  139,  253. 
improvement  of,  162,  163. 
section  of  Bakerstown  coal  near,  460. 
(>rantsvllle  coal  near.  465. 
Maynadler  coal  near,  474. 
Naval  Observatory.  28. 
Neat,  Noah,  .section  of  Bakerstown  coal 

In   flre-coal   opening  of.   357. 
Neff.   Wm.,  section  of  Brush  Crook  coal 

on  property  of,  349. 
Neighborhood  Improvement  Club.  146. 
Nethken,   F.   R.,   section  of  Upper   Free- 
port  coal  in  mine  of.  402,  403. 
Newark,  Del.,  magnetic  station  at.  61. 
Newberry.  .1.  S.,  240. 
New  Central  Coal  Co..  501. 

sections  of  Lonaconlng  coal   on   prop- 
erty of,  370,  371. 
Little  Pittsburg  coal  on  property  of, 

376. 
Pittsburg  coal  on  property  of,  388. 
Upper    Sewlckley    conl    on    property 

of,  401. 
Waynesburg    coal    on    property    of, 
405. 
New   Detmold  mine,   586. 

section  of  Pittsburg  coal  In.  389. 
New    Germany,    horizontal    intensity    at, 
87. 
magnetic  Inclination  at,  77. 
magnetic  station  at.  55. 
New  York  Mining  Co..  516,  573.  521. 
section  of  Pittsburg  coal  on  property 
of.   381. 
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Niles    Mill. 

sections  of  Mahoning  coal   near,   508. 
Upper  Fieeport  coal  near.  505. 

North   Potomac  syncline  described,   261. 

Northern    Appalachian    coni    field.    234. 

Northern    Appalachian    field,    production 
of  coal   in.   234,  235.   23«.   237. 

Nora    Scotia,    Carboniferous    strata    of, 
220. 

Noy   and   Al.    Frazee's    mine,    section   of 
Frlendsvillo    coal     in,    511. 

Nydecker    Kun.    section    of    Upper    Free- 
port  coal  on.  435, 


Oakland,   horizontal    inten.sity    at,    85. 
magnetic  inclination  nt,  75. 
magnetic  .station  nt.  55. 
sections     of     Ix)wer     Kit  tanning     coal 
near,  481,  482. 
I^wer  Freeport  coal  near,  480. 
Upper  F'reeport  coal  near,  492,  494. 
Oakland-Mt.    Lake    Park    read,    improve- 
ments to,  172. 
Oakland  Coal   and  Coke   Co..  section  of 
Uower    Klttanning    coal    in    mine 
of.  483. 
Oak  Shoals,  section  of  Lower  Klttanning 

coal  in  mine  near,  482. 
Ocean   City,   horizontal   intensity   at,   85. 
magnetic  inclination  at,  75. 
magnetic  station  at.  55. 
Ocean  mines,  561-571. 
Ocean  Steam  Coal  Co.,  518. 
Offut's     mine,     section     of     Lower     Kit- 
tanning  coal  in.  484. 
O'Harra,  C.  C.  261,  262. 
O*  Haver,  Jos.,  section  of  Upper  Freeport 

coal  In  mine  of.  435. 
Old    Frederick    rond.    Improvements    to, 

176. 
Old  Union  No.  2.  section  of  Bakerstown 

coal  at.  351. 
OrendorflT.  .John,  section  of  Rrush  Creek 

coal   on   property  of.  346. 
Origin  of  coal.  224. 
Oxford,   horizontal   intensity  at,   86. 
magnetic  inclination  at.  76. 
magnetic  station  at.   55. 


Pacific    coast,    development    of    coal    on. 

224. 
Paleozoic  periods,  history  of,  274. 
Parker    coal    discussed.    310,    320.    .331, 

332,   455. 
Parker   Vein    Coal    Co..    518. 
Park    Heights   avenue,    improvement   of. 

168.    170. 


Parkton,  horizontal   intensity  at,  87. 
magnetic  Inclination  at,  77. 
magnetic  station  at.  55. 
Parrett,  J.  IL,  591. 

Parsonsburg,  horizontal  intensity  at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,   55. 
Pattison.  (.;.  C,  mines  of,  606. 

section  of  Bakerstown  coal   In.  440. 
Patton  mine.   586. 
Paving  brick   tests,   188.   189,   190. 
Paw  Paw,  W.   Va.,   horizontal   Intensity 
at,  87. 
magnetic   inclination    at,    77. 
magnetic  station  at,  63. 
Peeble,  Thos.,  section  of  Lonaeonlng  coal 

in   out-crop   near,    371. 
Pekln, 

sections  of  Bakerstown  coal  near.  3."»S. 
Little  Pittsburg  coal  near.  377. 
Pittsburg  coal  near.  391.  392. 
Penn  mine,  603. 
l»ennlman.  W.  B.  D..  219,  619. 
Pennsylvania  period.  278. 
Permian    period.    289. 
Percy    tract.    521. 
Phillppi.    W.    Va..    magnetic    station  at. 

64. 
Phoenix. 

section  of  Bakerstown  coal  near.  303. 
365. 
Brush  Creek  coal  near.  349. 
Pittsburg  coal   near.  395. 
Upper  Freep<»rt  coal  near,  343. 
Phoenix  and  Georjres  Creek  Mining  Co.. 
600. 
section    of  Bakerstown   coal   on   prop- 
erty of,  365. 
I»hoenlx  mine,   600. 

section  of  Pittsburg  coal  In.  395. 
Lower  Klttanning  coal  on.  339. 
Quakertown  coal  near,  325. 
Pickell  mine.  602. 
PIckell    trnct.    section   of   PItt.sburg  coal 

-on.  390. 
Pickens,  W.  Va..  magnetic  station  at,  64. 
Piedmont. 

section    of    I^ower    Sharon    coal    near. 
323. 
Upper  Sharon  coal   near.  324. 
Piedmont  coal.  530. 
Piedmont  Coal  and  Iron  Co.,  521. 
Piedmont  Mining  Co..  604. 
Piedmont-Cumberland  Coal  Co..  601. 
section   of  Lower   Klttanning  coal  on 
property  of.  337.  338. 
Piedmont   and   Oeorges    Creek   Coal  Co.. 
598. 
section  in  mine  of.  333. 

Bakerstown    coal    near,    368. 
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Piedmont  and  Qeorges  Cre^  Ooal  Co^ 
section  in  mine  of. 

Brush  Cre^  coal  near,  850. 
**  Split-Six  "  coal  In  mine  of.  833. 
Upper   Sewickley   coal   on   property 
of,  400. 
Pierce,  John  T.,  556. 
Plncher's  opening   in    Bakerstown   coal, 

352. 
Plney    Mountain,    section    of   Brookville 

coal  on,  329. 
Piney    Run, 

section  of  Brookville  coal  on,  454. 
Clarion  coal  on,  455. 
Lx>.wer  Klttanning  coal  on,  457. 
Mt.  Savage  coal  on,  453. 
"Pine  Hill  mine,"  581. 
Pin-puller  used  in  Maryland,  554. 
PlttBburg  ooal  discussed,  255,  310,  310. 
320,  380.  529,  530. 
sections  of,   379-398,  450,  451. 
thickness  of,  581. 
Piatt  coal.  306. 
Piatt,   Franklin.   301. 
Pleasant  Valley  Run,  section  of  Friends- 

vllle  coal  on,  476. 
Pocomoke   City,   horizontal   intensity  at. 
85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  56. 
Pocono  epoch,  275. 
Pocono  formation.  318. 
Point  of  Rocks,  horizontal   Intensity  at, 
85. 
magnetic   inclination  at,   75. 
magnetic  station  at.  50. 
Pompey  Smash,  514. 
Position     of     beds     in     Maryland     Con  I 

Measures.   243. 
Potomac  Basin  discussed,  317,  407. 
Conemaugh  coals  of,  438. 
Monongahela  coals  of,  449. 
Potomac  Coal  Co.,  521,  573,  576. 

section  of  Franklin  coal   on   property 
of.  374. 
Little    Pittsburg    coal    on    property 
of,   377. 
Potomac    meridian    line,    magnetic    sta- 
tions along,  60,  61. 
Potomac  mine,   576. 

section  of  Bakerstown  coal  in,  361. 
Pittsburg  coal  in,  304. 
Pottsvllle    coals    of    Cnstleman    Basin. 
452. 
Georges  Creek  Basin,  323. 
liOwer  Youghiogheny  Basin,  496. 
Upper- Potomac  Basin,  408. 
Upper  Youghiogheny   Basin  discussed, 
477. 


Pottsvllle  epoch,  279. 
Pottsvllle  formation  discussed,  243,  244, 
319. 
columnar  sections  of,  293. 
composition  and  relations  of,  293. 
section^  in,  245-247. 
Preface,  19. 

Pre-Quaternary  periods,  289. 
Preston  Coal  and  Lumber  Co., 

section  of  Clarion  coal  on  property  of, 
479. 
Lower  Kittanning  coal  in  mine  of, 
488,  489. 
Prices  for  coal  in  early  days,  516. 
Prices  for  mining  coal,  559. 
Princess   Anne,   horizontal   intensity   at, 
85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  56. 
Prince    Frederick,    magnetic    inclination 
at,  75. 
magnetic  station  at,  56. 
horizontal  intensity  at,  85. 
Prince    George's    county,    road    expendi- 
tures in,  157. 
road  improvements  in.   180. 
Production  and  distribution  of  coal,  228. 
I'roduction    of   coal    in    Northern    Appa- 
lachian field,  table,  234,  235.  236, 
237. 
Production  of  coal  in  United  States,  232. 
Production    of    coal    In    the   world,    229. 
Props  in  coal  mines,  534. 
Proximate  analyses,  tables  of,  628. 
Pumping  shaft.  543. 

section    of    Dunkard    formation    near, 
258. 
Monongahela  formation   In.   255. 
IJnIontown   coal    in,    404. 
Washington  coal  near,  407. 
"  Punching  machine,"  540. 
Putnam,  G.  R..  70. 


Quakertown    coal    discussed,    244,    295, 
319.   320,    324. 
section  of,  325. 

section  near  Old  Phcenlx  Plane,  325. 
section  near  Westcrnport.  325. 
Quaternary  Period,  200. 
Queen  Anne's  county,  road  expenditures 
In,  157. 
road  improvements  in,   184. 
Queen,    Samuel,    182. 
Quince  Orchard,  horizontal  Intensity  at. 
88. 
magnetic  inclination  at,  78. 
magnetic  station  at,  56. 
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*«  RaUroad  seam/'  324.  325.  332.  410. 

Randolph,  B.  S.,  219,  513.  569. 

Rankin,  Uobt.  G..  517. 

Rattler   tests.    190.    191. 

Redland.   horizontal   Intensity   at.   88. 

magnetic  inclination  at,  78. 

magnetic  station  at,  56. 
Redstone  coal,  256,  310,  319.  320. 

section    of,    899. 
Redstone  limestone,  310. 
Reisterstown,    horizontal    intensity    at, 
87. 

magnetic  inclination  at,  77. 

magnetic  station  at,  56. 
Remsen,  Ira,  y. 
*'  Repeat  stations,"  26. 
Richmond  basin,  coal  of.  224. 
Richmond.  Va..  magnetic  station  at,  62. 
Ridgeley  Hill,  section  of  Grantsrille  coal 

on,  466. 
Ridgely,    horizontal    intensity   at,    85. 

magnetic    inclination    at,    75. 

magnetic  station  at,  56. 
Ridgley's   mine,   sections   of   Grantsyllle 

coal  in,  466,  467. 
Riggs  road,  improvements  to,  181. 
Rising  Sun,  horizontal  intensity  at,  87. 

magnetic   inclination   at,    77. 

magnetic  station  at,  56. 
Rising    Sun-Farmlngton    road,    improve- 
ments to,   170. 
River   road,   improvements   to.    176. 
Road  accounts,  151. 

administration,  148. 

appropriations.  150. 

districts,  150. 

engineer,  149. 

expenditures,  153-155. 

machinery,    152. 

mileage  in  Maryland  by  counties,  153. 

statistics,  152. 

supervisors,  150. 
Roaring  Creek  sandstone,  300. 
Roaring  Hill,   139. 
Robertson,     Albert,     section     of     Upper 

Freeport  coal  in  mine  of,   506. 
Rockburn    Branch    road,    improvements 

to,  179. 
Rock  Church,  section  of  Little  Pittsburg 

coal  near,  378. 
Rockville,  magnetic  Inclination  at,  76. 

magnetic  station  at,  56. 
Rogers,  H.  D.,  297,  309,  314. 
Roman  Nose, 

section  of   Lower  Klttannlng  coal   on 
west  side  of,  481. 
Upper  Freeport  coal  near,  492. 
Roof  coal,  534. 


Room   and  pillar  system,   532. 

Ross,  Samuel,  section  of  Bakerstown  coal 

in  flre-coal  opening  of,  361. 
Round  Hill,  Va.,  magnetic  station  at,  62. 
Rumbaugh,    Harry,    sections    of    Little 

Pittsburg  coal  in  mine  of,  512. 
Russell,   Archie,   section    of   Bakerstown 

coal  on  farm  of,  856. 
Rutledge.  J.  J.,  219,  317. 

8 
St.  Mary's  county,  road  expenditures  in. 
157. 
road  improvements  in,  186. 
Salisbury,  horlsontal  intensity  at,  85. 
magnetic  inclination  at,   75. 
magnetic  station  at,  67. 
Saltsburg  sandstone.  252,  305. 
Salt  Block  Mountain,  section  of  Bakers- 
town coal  on,  470. 
**  Sandrock  "  coal  discussed,  491,  504. 
Sand  Run,  section  of  Lower  Klttannlng 

coal  on,  424. 
Sang  Run,  section  of  Lower  Klttannlng 

coal  near,  600,  503. 
Savage,   Grant,    section   of   Upper   Free- 
port  coal  in  mine  of,  507. 
Savage  Mountain  Fire  Brick  Works,  sec- 
tion of  Mt   Savage  coal  at,  327. 
Scarboro,  magnetic  inclination  at,  76. 

magnetic   station   at,    57. 
Schaidt,  John,  106. 
SchiU, 
section  of  Lower  Klttannlng  coal  near, 
422. 
Upper  Freeport  coal   ne&r,  435. 
Seaford,  Del.,  magnetic  station  at,  61. 
Section   of  Allegheny   formation  In  Big 
Savage  fire-clay  tunnel,  250. 
Allegheny  formation  at  Harrison.  W. 

Va.,  249. 
Allegheny  formation  at  Borehole  No. 

1.  Henry,  248. 
Allegheny  formation  at  Jennings  Mill, 

250. 
Bakerstown    coal,     350-368,     440-448. 

469-474,  495,  610. 
Brookvllle  coal,  828-331,  454. 
Brush   Creek  coal,   345-350.   439,  440. 

463,  509. 
Clarion  coal,  382,   410-412,   455.  456. 

479. 
Conemaugh   formation,   251-254. 
Dunkard  formation.  258. 
Franklin  coal,  372-376,  511. 
Friendsville  coal,   369,   448,  449,  476. 

511. 
Grantsvllle  coal,  464-468. 
Little  Pittsburg  coal,  376,  512. 
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Section  of  Allegheny  formation  in    Big 
Savage  fire-clay  tunnel,  260. 
Lonaconing  coal,  309-371. 
Lower   Freeport  coal,   340,   459,   460, 

489,  490,  504. 
Lower    and    Middle    Kittanning   coal, 

413-429. 
Lower  Kittanning  coal,  334-340,  457. 

458,  480-489,  497-503. 
Lower  Sewlckley  coal,  399. 
Lower  Sharon  coal,  323. 
Mahoning    coals,    344-345,    489,    462. 

508. 
Maynadier  coal,  474,  475. 
Monongafaela     formation     at     Borden 

shaft,  255. 
Monongahela    formation    near    Frost- 
burg,  255. 
Monongahela  formation  near  Jackson 

mine  at  Lonaconing,  257. 
Monongahela    formation    at    Koontz, 

256. 
Monongahela    formation    at    Lonacon- 
ing, 256. 
Mt.  Savage  coal,   326,  327,  453.  478. 
Pittsburg  coal,  379-398. 
PottsvlUe  formation   In,   245-247. 
Quakertown  coal,  325. 
Redstone  coal,   399. 
"Split-six"    coal,    833,    497. 
Upper    Freeport    coal,    341-344,    431- 

438,  461,  491-493,   505-507. 
Upper  Kittanning  coal,  430. 
Upper  Sewlckley  coal,  400-404. 
Upper  Sharon  coal,  324. 
Unlontown  coal,  404. 
Washington  coal,   407. 
Waynesburg  coal,  405. 
Section  showing  Maryland  coal  measures, 

243. 
Selbysport, 

section  of  Brush  Creek  coal  near.  509. 
Mahoning  coal  at,  508. 
Seminary  avenue,  improvement  of,  167. 
Seneca,  horizontal  intensity  at,  86. 
magnetic  Inclination  at,   78. 
magnetic  inclination  at,  76. 
magnetic  station  at,   57. 
Sewlckley  limestone,  311. 
Sewlckley  sandstone,  311. 
Shamrock  mine,  604. 
Sharon    coal    discnssed,    244.    296,    319. 

320,  328. 
Sharon  sands ton(».  described,  295. 
Sharpless   mine,   section   of  Bakerstown 

coal  In,  442. 
Shaw,  A.  B., 

section  of  Bakerstown  coal  In  opening 
of,  859. 


Shaw, 
section  of  Bakerstown  coal  near,  443. 

Lower  Kittanning  coal  near,  416. 
^    Pittsburg  coal  near,  450. 
Sherwood  bridge,  109. 
Short  Gap  Run,  section  of  Lower  Free- 
port  coal  near,  340,  342. 
Signals  in  coal  mines,  652. 
Silvester,  R.  W.,  v. 
Sinclair,  C.  H.,  141. 
Sine,  W.  T.,  section  of  Upper  Freeport 

coal  in  mine  of,  491. 
"  Six-foot "  coal  discussed.  334,  413. 
Sixth  District  Road  League,   146. 
Skipper,  Thomas,  section  of  Lower  Kit- 
tanning coal  In  mine  of,  480. 
Slag  road,  estimates  on,  186. 
ISlips,  danger  from,  534. 
Small  vein  coals  discussed,  669. 
Smith,  John,  section  of  Upper  Freeport 

coal  on  property  of,  341. 
Smith,  R.  A., 

section  of  Lower  Kittanning  coal   In 

mine  of,  419. 
Upper  Freeport  coal  In  mine  of,  433. 
Smith,  S.  P.,  521. 
Snaggy    Mountain,    horizontal    Intensity 

at,  87. 
magnetic  station   at,   60. 
section  of  Ijower  Kittanning  coal  on. 

481. 
Snow  Hill,  horizontal  Intensity  at,  85. 
magnetic  Inclination  at,  76. 
magnetic  station  at,  67. 
"Soldiers  Lots,"  613. 
Somerset  county,   road  expenditures  In, 

168. 
Special  road  Improvement,  162. 
Specifications  used  by  Highway  Division, 

161.  203. 
Splker  Run,  section  of  Bakerstown  coal 

on.  469. 
Splint  coal.  240. 
"SplIt-slx"   seam,    248.    299.    319.    320, 

338,  496. 
sections  of,  833,  497. 
Stabler,   magnetic   inclination   at,   76. 

magnetic  station  at,  58. 
Stafford  mine.  693. 
Stanton.  W.,  section  of  Bakerstown  coal 

In  mine  of,  469. 
Stanton  mine,  section  of  Orant<9vllle  coal 

In.  466. 
Steele,  Wm.,  section  of  T^ower  Kittanning 

coal  In  mine  of,  497. 
Stevenson,  J.  J.,  294.  305.  314. 
Stevenson  Station  road.  Improvement  of, 

166. 
Stockton,  N.  Allen,  219,  529. 
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Stottlemeyor'g  mine  In  Friendsville  coal, 

448. 
Stoyer,    George,    section    of    Bakerstown 

coal  on  property  of,  44C. 
Stoyer, 

section  of  Bakerstown  coal  near,  446. 
Lower  Klttanning  coal  near,  423. 
Stoyer  Run  Coal  Co.,  611. 
Stratigraphy  of  Maryland  Coal  District, 

241. 
Strikes  In  coul   region,  524. 
Structure   of   Maryland   Coal    Measures, 

259. 
Stupart,  R.  F.,  28. 
Sulphur,  definition  of.  621. 

determination  of,  622. 
Swallow  Falls, 

section  of  Bakerstown  coal  near,  405. 
Lower  Klttanning  coal  near,  480. 
Mt.  Savage  coal  near,  478. 
PottsvlUc   formation   at.    246. 
Upper  Freeport  coal  near,  491. 
Swanton,  horizontal   Intensity   at,   87. 
magnetic  Inclination  at,  77. 
magnetic  station  at,  58. 
section  of  Bakerstown  near.  442. 
Upper  Klttanning  near,  430. 
Swanton  mine.   598. 
Swanton    Mining    Co.,    521. 
Swanton    plane.    251. 
Sykesvllle,  horizontal  Intensity  at,  87. 
magnetic  Inclination  at.  77. 
magnetic  station  at,   58. 
road  Improvements  to.  177. 
Syncllne,  Castleman,  265. 
Systems  of  mining,  532. 


Table    showing    magnetic    elements    and 
components  In  Maryland,  91-95. 
showing    proximate    analyses    of   coal, 

628. 
showing  production  of  coal  In  North- 
ern Appalachian  field,  234-237. 
showing    world's    production    of    coal, 
229. 
Tacoma  mine,  598. 
Taff.  J.  A.,  259,  261,  262. 
Tall-rope  system  of  haulage.   642. 
Talbot  county,  road  expenditures  In,  158. 
Taneytown,  horizontal  intensity  at,  87. 
magnetic     inclination     at,     77. 
magnetic  station  at,  58. 
Tasker  corner, 

section  of  Bakerstown  coal  near.  445. 
Lower  Klttanning  coal  near,  421. 


Tasker's, 

section  of  Bakerstown  coal  at,  443. 
Brush  Creek  coal  at,  430. 
Mahoning  coal  at,  439. 
Upper  Freeport  coal  at,  431. 
Upper  Klttanning  in.  430. 
Taylor's  Hill,  horizontal  intensity  at,  87. 
magnetic  inclination  at,  77. 
magnetic  station  on,  61. 
T  B  road,  improTements  to,  182. 
Tests  on  concrete  bars,   194. 
of  macadam  materials,  187. 
paving  brick,  190. 
showing  wear  of  brick,  190. 
on  wearing  quality  of  stone  and  brick, 
199. 
Third  District  Road  League,  146. 
Thomas, 

section  of  Lower  Ktttanning  coal  at, 
428,  429. 
Upper  Freeport  coal  near,  437. 
Thomas   coal    discussed,    319,   320,    341, 
432. 
sections  of,  437,  438. 
Thomas    Run,    horizontal    intensity    at 
86. 
magnetic  inclination  at,  76^ 
magnetic  station  at.  58. 
"Three-foot"   coal   discussed,  305.  341, 

432. 
Three-fork  creek, 

section  of  Clarion  coal  on,  411. 
Lower  Klttanning  coal  on,  417. 
Bakerstown  coal  on,  441. 
Tlchlnel,  (Jeo.  W.,  section  of  Bakerstown 

coal   In  mine  of,   441. 
Tilghman's    Island,    horizontal    intensity 
at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  58. 
Tipple  commonly  used  In  Georges  Creek 

region,  553. 
Tlttmann,  O.  II.,  25. 
Tobacco  House  mil  road,  improvements 

to.  179. 
Tolchester,  horizontal  intensity  at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  58. 
Towson,   horizontal  intensity  at,  86. 
magnetic   inclination  at,   76. 
magnetic  station  at,  58. 
Transportation   of  coal,   early    methods. 

514. 
Trimble  farm, 

section  of  Franklin  coal  on.  372. 
Lonaconlng  coal  on,  369,  370. 
Trotters  Run,  section  of  Bakerstown  coal 
near,  851. 
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Trout  Ran,   section   of   Upper  Freeport 

coal  on,  435. 
"Two-foot"  vein,  325. 
Tyson,  P.  T.,  Jr.,  256,  258. 
Tyson  coal,  311,  319,  320,  399. 

•  U 
Umbel,  Wm.,  section  of  Upper  Freeport 

coal  In  mine  of,  506. 
U.   S.   Coast  and  Geodetic  Sarvey,   104. 

magnetic  stations  of,  61. 
r.    S.   Geological   Survey,   105. 
United    States,    production    of    coal    In, 

232. 
Unity,  horizontal  Intensity  at,  86. 
magnetic  inclination  at,  76. 
magnetic  station  at,  59. 
Union  Mining  Co.,  573. 

section  of  Mahoning  coal  on  property 
of,  344. 
Mt.  Savage  coal  in  tunnel  of,  326. 
Pittsburg  coal  in  mine  of,  394. 
Unlontown  coal,  256,  312,  404. 

sections  in,  404. 
Unlontown  limestone,  311. 
Unlontown  sandstone,  312. 
Upper  Barren   Coal   Measures,   313. 
Upper  Cambridge  limestone,   305. 
Upper    Connoquenessing    sandstone    de< 

scribed,  295,  325. 
Upper  Freeport  coal,  300,  319,  320,  322, 
341,  432,  460,  491,  504,  505. 
sections  of  341-344,  431-438,  461,  491- 
494,  505-507. 
Upper  Freeport  limestone,   300. 
Upper  Freeport  or  Roaring  Creek  sand- 
stone, 300. 
Upper    Klttannlng   coal    discussed,    248,. 
299,  319,  320,  339. 
sections  of,   430. 
Upper  Mercer  coal  discussed,  324,   325, 

478. 
Upper  Mahoning  sandstone,  303. 
Upper  Marlboro,  horizontal  Intensity  at, 
85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  59. 
Upper  Potomac  Basin,  407. 
Upper  Potomac  Mining  Co.,  610. 
Upper  Productive  Measures,  370. 
Upper    Sewickley    coal,    256,    311,    319, 
820,  399. 
sections  of,  400-404. 
Upper  Sewickley  mines  of  Consolidation 

Coal  Co.,  572. 
Upper  Sharon  coal,  319,  320,  824. 
sections  near  Wescemport,  324. 
Upper  Sykesvllle  road,  improvements  to, 
177. 


Upper    Youghiogheny    Basin    discussed, 
317,  477. 

Allegheny  coals  of,  479. 

Conemaugh  coals  of,  493. 

Pottsville  coals  of,  477. 
Upper  Youghiogheny  syncUne,  .267. 
Upper  Washington  limestone,  314. 


Vale  Summit,  opening  at^  514. 

Vanpost  limestone  described,  298. 

Vansvllle  Farmer's  Club,  146. 

Van  Werth's  mine,  section  of  Lower  Klt- 
tannlng coal  In,  485. 

Ventilation  In  coal  mines,  545. 

Vertical  intensity,  diurnal  variation  of, 
68,  69. 

Virginia,  magnetic  stations  in,  61,  62. 

Volatile  Carbon,  definition  of,  621. 
determination  of,  621. 

Von  Boyneburk's  opening  in  Bakerstown 
coal,  366. 

W 

Walker,  W.  Irving,  184. 

Wallls,   W.   F.,   98. 

Wallman.   section  of   Lower  Klttannlng 

coal  near,  423. 
Warfleld,  Edwin,  v,  Ix. 
Warnick's.  section  of  Clarion  coal  near, 

410. 
Waring,   horizontal   intensity  at,  88. 
magnetic  declination  at,   44. 
magnetic  inclination  at,   78. 
magnetic  station  at,  59. 
Warrior  Run,  section  of  Brookvllle  coal 

on,  330. 
Washington    and    Baltimore    road,    im- 
provements to,   176,   182. 
Washington   coal,   314,  319,  320. 

section  of,  407.  517. 
Washington  mines,  598. 
"  Washington  county  group,"  313. 
Washington    county,    road    expenditures 

in,    158. 
Watson-Loy  Coal  Co.,  607. 
Waynesburg  "A"  coal,  814,  319,  320. 
Waynesburg    coal    discussed,    256,    312, 
319,  320,  404. 
sections  of,  405,  406. 
Waynesburg  limestone,  312. 
Waynesburg  sandstone,   314. 
Wearing  test  of  stone  and  brick,  199. 
Webb,  horizontal  intensity  at,  86. 
magnetic  inclination  at,   76. 
magrnetic  station  at,  59. 
Wellersburg  syncllne,  261. 
West  Virginia,  magnetic  stations  in,  68. 
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Westemport,  horlsontal  intensity  at,  86. 
magnetic  Inclination  at,  70. 
magnetic  station  at,  50. 
sections  of  Bakerstown  coal  near,  364, 
367. 
Clarion  coal  near,  832. 
Lower  Sharon   coal   near.   328. 
Pittsburg  coal  near,  397,  398. 
PottsTille  formation  near,  245. 
Quakertown  coal  near,  825. 
Upper   Sharon   coal   near,   324. 
Westemport  coal,  819,  820,  825. 
Westminster,  horizontal  intensity  at,  85. 
magnetic  inclination  at,  75. 
magnetic  station  at,  59. 
Weston,  W.  Va.,  magnetic  station  at,  64. 
White,  Dayid,  279,  294,  295. 
White,   I.   C,   286,   295,   800,   803,   304, 

308,  810,  311,  815,  408,  478. 
"White  Rock"   coal  discussed,  497. 
White  Rock  Ron,  section  of  **  Split-six  '* 

coal  on,  497. 
White  Rock  mine,  section  of  Lower  Kit- 
tanning  coal  in,  500,  508. 
Wicomico  county,  road  expenditures  in, 

158. 
Wild  coal,  584. 
Wiley,  John,  section  of  Friendsyllle  coal 

in  mine  of,  476. 
Willis,  Bailey,   259,   275. 
Wilson,  E., 

section   of   Bakerstown   coal   in   mine 
of,  445. 


Wilton, 
section  of  Lower  Kittanning  coal  near, 

424. 
Upper  Freeport  coal  near,  436. 
Wilson,  H.  M.,  120. 
Wilson,  W.  B.,  525. 
Windom,    section   of    Lower    Kittanning 

coal  near,  418,  414. 
Winter  opening   in   Brookville  coal  §ec- 

tion,  329. 
Wire  rope  haulage,  542. 
Withers  Mining  Co..  518,  521. 

section  of  Pittsburg  coal  in   opening 

of,  880. 
Withers  tract,  section  of  Upper  Sewlck- 

ley  coal  on,  400. 
Witmer's    tramroad,    section    of    Ix>wer 

Kittanning  near,  428. 
Woodstock,  Va.,  horizontal  intensity  at, 

86. 
magnetic  station  at,  59,  62. 
Worcester  county,  road  expenditures  In, 

158. 
World's  production  of  coal,  229. 
Wright  farm,  521. 

Y 

Tommer,  Henry,  section  of  Lower  Free- 
port  coal  in  opening  of,  450. 
Tommer,  L.,  section  of  Maynadier  coal 

in  opening  of,  475. 
Toughloghcny  Rirer, 

section  of  Lower  Kittanning  coal  on. 
484. 
Upper  Freeport  coal   on.  491.  403. 


